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A pupil’s experignces between the ages of Il and 16 probabl); shape his _ : =
ultimate view of science and of the natural world. During these years }'
most youngsters become more adept at thinking conceptually. Since : S
concepts are at the heart of s¢iencé, this is the age at which most stu- e -
dents first ghin the ability to study science in a really organized way.

‘Here, too, th_e_ch_mitmcnt for or agaiqst science as an interest or a . . .
vocation is often made. : ‘ e ¢

Paradoxically, the students -at this critical age have been the ones
- . least affected by the rec¢nt effort to producé new science instructional
. _ - materials. Despite a number of commendable efforts to improve the _
> : situation, the middle years stand today as a comparatively weak link in ' £
science education between the rapidly changing elementary curriculum N TN
and the recently revitalized -high school science courses. This volume S o
' /g materials represent one.attempt to provide a ‘ 1
to instruction for this relatively uncharted level. h ' L
o-Gutset the organizers of the 1SCS Project decided that it . o ;-;
would be shertsighted "and unwise to try to fill_ the gapsin ‘middle R
_ - school science education by simply writing another textbook. We chose S CR
L. .~ instead to challénge 'some of the most firmly established toncepts ~ ~ + - ' ' o
“about how to teach and just what science material can and should be . ' | I
taught to adolescents. The ISCS staff have tended to mistrust what : Ca
. authorities beliéve about schools; teachers, children, and teaching until = _ s C A
. - we have had the chanceto test these assumption? in actual classrooms - - S ' B
' - with real children. As conflicts have arisen, our policy has been torely - e o
more apon what we saw happening in the schools than upon what - . - o "
: . authorities said could or would happen. It is largely because of this -~ :
X -policy that the ISCS materials represent a substantial departuresfrom 7 - _
. % . The primary difference -bet‘wwfhe ISCS program and more con- - - : >
DRV S - .ventional approaches is the fact that it allows each student to travel- - I

v e o

-7

w0




N
at his own pace, and it permits the scope angd sequence of instruction
to vary with his interests, abilities, and background. The ISCS writers
! . ' have systematically tried to give the student more of a role in deciding
' what he should study next and gow soon he should study it. When the
: .materials are ufed as intendedNthe ISCS teacher,serves more as a
3 “task easer” than a ‘“‘task. master.” It is his job to help the student
. " .answer the questions that arise from his ownstudy rather than to try
s to anticipate and package what the student needs fo know.
S ----m-——‘i_rhcrc---is nothing radically new in the ISCS approach to.instruction. ... ... . .
Outstanding teachers from Socrales to- Mark Hopkins have stressed the
need to personalize education. 1SCS has tried to do something more
B - 7 AR "p""ziy”ii"‘p"“s‘fejf'\'iit:"é'"It)““;th"i'S""gG'a'lt"'lSGS"“'m“ajor'yontﬁbuti'on"has*bccn-to--—----“-----~--"-"--"~---------""-»---- ;
design a system whereby an average teacher, operating under n6Grmal
constraints, in an ordinary classroom with ordinary children, can in--
. ' deed give maximum attention to each student’s progress. .
The development of the ISCS material has been a group effort from |
v 2 , ~ the outset. It 'bcgan in 1962, when outstanding educators met to decide
what might be done to‘improve middle-grade science teaching. The
recommehdations of these conferences fwere converted into a tentative
; plan for a set of instructional materials by a small group of Florida™
State University faculty members. Small-scale writing sessions : :
ducted on the Florida State campus duri%g 1964 and 1965 resulted in ! "
. pilot curriculum materials thatiwere tested in selected Florida schools .
. _ during the 1965-66 school year. All this preliminary work was sup-
T ported by funds generously provided by The Florida State University. p
In June of 1966, financial support was provided by the United States ,
Office of Education, and the preliminary effort was formalized into S
the ISCS Project. Later, the National Science Foundation made sev-
~eral additional grants in support of the ISCS effort. & _
o " . The first drag of these materials was produced in 1968, during a - ,-
o summer writing conference. The conferees were scientists, ‘science
educators, and jinior high school teachers drawn from all over the =
United States. The original materials have bee revised three times . .

-

- —

L _prior to_ their publication in this volume. More than 150 writers have - N
§ . _contributed to the materials, and more than 180,000 children, in 46 : 2
states, have been involved in their field testing. - - I .

. . We sincerely hope that the teachers and students who will use this
/ --rpatcrjgl ‘will find that the great amount, of time, money, -and effort
" that has gone into its development has been worthwhile.

]

- L o . jT'allahass'cc, Florida ) The D:;réslo[s :
" B Feruary 1972 - . INTERMEDIATE SCIENCE CURRICULUM STUDY

Y -

A

R ¢ Ry e I U acnanintets T




I

NG sEON =

" FOREWORD

NOTES TO THE STUDENT . .

CHAPTERS |
uPs Up, and Away .
What a Reaction!

How Much Is Needed?
All Systems Are Go
Creating Craters
Peaks and Flows

A Déy on the Moon

r

EXCURSIONS

21 Newtons of Force

. 3-1 The Big Push

32 One Stage at a Time
. 41 Time to Fall

4-2 The Falling Apple

4-4 1osing Heat

. 81 Less Force

71

t

An Excursion to the Far Side

P

7~Contents

A" i

23
35
55
79 - ‘
91 o

101 - - “
107 o

111

121

126
. 129 /

133 . -

137




The word science means a lot of thing% All of the mca'nings are “right,”
bit none are complete. Science is many things and 1s hard to de-
scribe in a few words. * * '
Wc wrote thls book to help you understand what science is and what
scientists do.” We have chosen to show you these things instead of
*describing them with words. The book degscribes a series of things for
you to do and think about. We hope that what you do will help you .
- learn a’ good deal abeut natutre and that you will get a feel for how
v scnennsts tackle problcms \ - _ : o

Y
e

How Is this boo'k different from other textbooks?

Thns book 1s probably not like your other textbooks. To make any
sense out of it, you must work with objects and qubstances You should
do the things described, thmk about them, and then answer any ques- "
tions asked. “Be sure you answer each question as you come to it.
-> The questtons in the book are very xmportant They are’ asked for
three reasons: - -~ . : '
. 1. To help you to think through what you see and do. g

2. To let you know whether or not you understand what you’ 've done.
3. To give you a record of that you have dorfe so that you can
usc it for rcvncw L i -

'How will your clau be organlud?

Your science class wnll probab[y be qunte dnﬂ‘crcnt from your other
classes. ‘This book will let you start. work with less help than usual
.~ from your teacher. You should begin’ each ,day’s work wheg you left
~ off the day bcforc Any cqunpmcnt and supphcs needed

mg for you - . o

3z

-
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Your teacher will not read to you or tell you the things that you are
to learn. Instead, he will help you and your classmates individually.
Try to work ahead on your own. If you have trouble, first try to
solve the problem for yourselt Don’t ask your teacher for help until
you really need it. Do not expect him to give you the answers to the
questions in the book. Your teacher will try to help you find where
and how you went wrong, but he will not do your work for you.
I ~ others will not be as far along. This is the way the course is supposed
to work. Remember, though, that there will be no prizes for finishing

., stand what you have done before moving on.
! Excursionssare mentioned at several places. These special activities
- are found at the back of the book. You may stop and da any excursion
that looks interesting or any that you feel will hclp you. (Some ex-
cursions will help you do some of the activities in this book.) Some-
times, your teacher may ask you to do an excursion.

~

What am | expected to !earn? <

»

During the yéar, you will work very much as a scic>ntist does. You
should learn a lot of worthwhile information. More important, we
. hope that you will learn how to. ask and answer questions about

. just as valuable as learning the answers themselves. -

Keep the big picture in mind, too. Each chapter builds on ideas

alrcady dealt with. These ideas add up to some of the simple’ but

powerful concepts that are so important in science. If you are given-a

Student Record Book, do all your writing in it. Do not write in_this

~ book. Use your Record Book for making graphs, tables, and diagrams,
too. . -

> - worry. There are /hany right answers to some of the questions. And
in 'some cases You may not be able 'to answer the questions. As a
“matter of fact, no ote knows the answers to some of them. This may

is much that science does not know. In this course, you will learn
- some of the things we don’t know as well as what is known. Good luck!

¢

After a few days, some of your classmates will be ahead of you and

2 first-Work-at-whatever- -speed-is-best-for-you—Bur-be sure y(m zmde'r—“""""""’

nature. Keep in mind that learning hew to find answers to, questions is’

From time to time you may notice that your classmates have not
always given the same answers that you did. This is no cause for.

seem dxsappomtmg to you at first, but you will soon realize that there

e e e i RS o i Rt
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. Most Americans have watched ‘on television as rockets are ) S |
launched into space from Cape Kennedy. You may have
been fortunate enough to have been there yaurself—seeing, -
hearing, and feeling the blast-off. Whether viewing it in .
person or on TV, you saw the long tail of flame streaming. a, a_ -

K ~out behind the rocket as it left the ground. And you probably: N .

N noticed that the -rocket. rose slowly at first, then faster and
faster. Do you know why?

Maybe you’ve wondered why if takds such'a huge rocket
‘to get a-rather small spacecraft and .three men into orbit. _ L .
You probably know that the rockets are built in sections, : - - D
‘called stages. One stage after-another is discarded as the - Lo D B Ll
rocket pushes the spgcecraft into orbit. Do you know why? ¢ - ' 1
Perhaps you’ve heard that a rocket engine works bettét out | - .
in space than it does in the earth’s atmosPhere ]s this really o -
~true? ~ - - =
_, L © To find the answers to questlons such’ as those, you need .
-4 some firsthand ‘experience. First, you will launch a rocket ! -
S0 . tosee what it takes to get it up. You and two other students
" .+ will make up a launch team. Your team of three students S ' . :
9 | sh‘(ﬂﬂd get-the followmg equnpment S _ B R

Yo .

>

(P.

Ve
v

r‘_-r}- e
-«

_’l plasuc water. rocket with pump and filler funnel
1 5-liter bucket, half full of water -

1 100-ml cahbrat’ed beaker

-l meterstnck
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~— ———-4. Keep the pump rod~

1

Barrel —

LM e A b

C 2 pm )

Before launching the rocket, read the following operating
instructions carefully. Also, look back at them from time to
time to be sure you are observing them. The rocket is break-
able and should be handled carcfully i

3

. Use clean water in the rocket.

. Keep all parts free of dirt and sand. M\

3. Apply oil or grease occasionally to the mgger release
shide, barrel, and washer.

*5. Use cold water in the rockct (Hot water could ruin the
. rocket.)

6. Avoid punipmg more than 20 strokes mto the rocket.

a
BN

P - f

‘Get permlssnon from your teacher for your team to gol

oulsndc with your eqmpmcnl and textbook. -
Safety Note - Yoiur will need 1o g0 to a clear area away from
buildings, trees and wires. Try to find a spot about 100 feet

from trees and structures. Do not point the rocket at people

or windows, and don’t lean over it yourself.

- -ACTIVITY 1-1. Inoert the tunnel Pour ln 50 mi ot tap wator

bflnglng the level to point A on the dlagram. Romovo tho

oiled with any fine machmc oil.

g = "
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ACTIVITY 1-2 Amlch the pump, with the rocket still polnllng
down. Push the lock ring forward so that-it fits securely over
the ﬂangod cnd ot the rockol,,nol ]usl around it. '
_, - ACTIVITY 1-3. Turn the rocket qkyward Pump exactly 15 -
= strokes. Ask the olhor am members to stand back. '

N

.y

, _ ACTIVITY 1-4 Hold lhe pump securely, _ with' the rockel
‘ : polntlng ﬂralght up. Support your hands on a posl or n&eter—
/\\ oﬂck When all is clear, release the rocket by pulling back .

‘on tho lﬂgger releau slldc with your toreﬂndor. ‘




& -
Th(c launch was successful if the rocket moved almost .
‘;trmght up. Was your launch a success? If not, repeat Ac-
tivities 1-1 through 1-4.
Once you have mastered getting a bood faunch, you are
ready to begin your investigation of rocketry, You will try
to find out what effect certain variables havé on how high 5
your rocket goes, To accomplish this, you heed to be able ' C
to measure the launch height. A S
You and your partners should return to thc classroom b
where you will make a height-measuring mstrument Your '

team will need the Tollowing: - v

| piece of sting, 40cmdong .

r"v DR

i .4 CHAPTER 1

3 square pieces of cardboard, each at }lcast 25 cm on an

- edge

1. pencil

1 pair of scissors

] protractor

1 ruler

Continue to work with your partners; sharing_the equip-
ment as necessary. Each member of the team should makc
his owh hcnghl measurer from his piec¢ of cardboard

ACTIVITY 1-5. Tie a imall loop in one end of the strlng “Slip
the point of your pencil through the loop. Hoid the poncll at
one corner of the cardboard and stretch the .trlng to the other
corner, hold it securoly with your thumb -

~ACTIVITY 1‘-6 Suvlng an" arc wlth your poncll fetting it make
a curve from corner to corner of the cardboard .qua,o. If the
cardboard tends to slide, ask a parlnor to hold it securely as
you draw. With the scluon, cut along tho arc to gct a plo-
shapod quarler of a clrclo .

\

/

%clmlo_ _ . N\ S
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ACTIVITY 1-7. Place the protractor on your quarter-circle as )
» shown. Starting at 0 degrees on your protractor, make a . -
: , . pencll mark on your cardboard every 5 degrees. Makd' your :
g . - -~ work as heat as you can. Your pencil must be sharp and the
? ’ - marks accurate. _ _ . . -
C & s i}
'/ {:.f * " _ /
N o
v \
Y ‘\.-' %
t- - )
| o / ' : | | [ \ v -
~ ACTIVITY 1-8. Use a ruler or a straightedge-Yp draw straight . K
2 : _ iines from the right-angle corner through eaeh mark to the )
AL curved edge. Label the number of degrees on each line as - - .
—~ ', b . 15 90 . § ‘ . : - : -_ o
-
. . - - ::‘i
s d
.’\ - . ’ P‘
. The mstrument you havc constructed is called a quadrant ‘ -
. .because it is made from oncTourth of a cu'cle Early mariners - » =~ -~ .. e | L
. .. i used sxmple wooden quadrants to measurc the altltude angle . Lo s T
: B ._.of stars.. P A o . o CHAPTER1 6 [ "
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- Now you are ready to collect data on your rocket launch.

: _ Your teamWill need your teacher’s permission to go outside,
\ s -~ as well as the following equipment:
/

~

’ \/ ‘ 3 cardboard quadrants = w .
L I plastic water rocket, with pump and filler funnel
" ' . . 1 5-liter bucket, half full of cold, clean water
| 1 100-ml calibrated bcakcr
1 meterstick -

E ™

.-

b ey Once again, takc your. cqmpmcnt lo an open area away

’ from buildings, trees, and wires. Two members of ydhr team o
will act as observers while the third member launches the
rocket. . -

Before launch, each observer may want to pracuce sighting

on some statiopary objects.

v

.
s

L ACTIVITY 1-9. When ready to launch, select a good site. Each
' ¢ observer should be 25 meters from that spot in different di-

~

| R . b rections. ! - - o ='

1

s

. ACTlVITY 1-10. Obtorven thould hold the quadranh on odgo : ~
~ with the centor polnt at eye level. G ouch down |f necnnry, . R
~ 30 that the bottom of the quadrar about the same distance - o

_above the ground as the rotket. 3lg along the bottom edge o

_directly at the bottom of-the rocket. hen the launcher should L e
repeat the launch/procedure given \n Activity 1-4. If enough - S
L -~wmotonilckc arg avallablo, you may want to rest tho qwdunt-'._ _ ' 1
ononot ndylt.-. S




ACTIVITY 1-11. Hold the quadrant steady with one hand as
the rocket is launched. Move the tirst finger of the other hand
along the edge of the quadrant, following the rocket's flight
~ untll it reaches the highest altitude. Keep your finger at that
point untll you can read the number of degrees Record that
number. . s

(J1-1. What angle did Observer A get? What angle did
Observer B get? :

((11-2. Did each observer get the same number of degrees?

C11-3. If your dnswer to question number 2 was No, what
reasons can you give for the difference?

If you have time, you may want to repeat Activities 1-10
and 1-11 to.check your results. You may want to take turns
launching so that each member of your team gets to use his
quadrant. N .

. : - . @
Using Table 1-1, an observer 25 meters away from the Lo
launch site can find out how high the rocket went. The height
in meters appears directly below his last observed angle. . B
Table 1-1 - o ' \
_ Height Converter for Obscrvc; at 25 Meters
Angle | 00 ) | s 10° 15° 200 | 25°- | 30° 35° a0°
Height | 0m | 22m | 44m 69m | 901m_ | N7m | 144m | 17.5m \| 21.0m
Angle | 45° * | 50° "S55 60° 65° 70° 75° 80° 8s°
. ’ i . . i ) .
: ;Hcigh( 250 m 298 m 357 m 433 m 536 m | 68.7m 933 m | MI8m 2858 m

J1-4. Whal helght corresponds to lhe angle measured by _ L .
Observer A? _ - . CHAPTER 1 7
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CHAPTER 1.

X <\
(J1-5. What height vorresponds to the angle measure} by
Observer B? , .

(J1-6. What is the average of the two heights?

If you were able to get the rocket to go nearly straight
up and if the observers measured about the same angles,
corisider your launch a success.

Now back to the question you need to answer: What vari-
_ables affect how high the rocket goes? To ex:%es_s_ it another
way: What' thing or thmgs can be changed to thake the rocket
go higher? g

From time to ume in thrs unit,~you will be asked to do
“problem. breaks.” These are problems for you to solve,
without much help from your book orfrom your teacher.

The problems will usually help you uﬁderstdnd what you ®
are studying in the chapter. But that’s not therr major _pur-

pose. They are designed to give you practice in proislem [ D
solving and in setting up your own experiments. You should

try every problem break—even the tough ones. And in most  +

cases you should have your teacher approve your plan before ,

trying it. The first problem break in this unit is coming up

next. g ‘\ . )

PROBLEM BREAK 1-1 o ) IR

The water that was forced out of the rocket must have
had something to do with the rocket’s going up. The air that
was forced into the rocket must also have been important. = g
These two factors should. rbe investigated to determine their -
effect on the height that the rocket reaches. Design an exper-
iment that will allow you to measure the effect of these twe
variables. You will probably want to use several different
amounts of water (measured in milliliters) and air (measured
by the number of pump strokes). However, investigate only
" one of the variables at a time. Control. (keep constam) all o .
~other variables, = .. : e
“Try to find two other people to work with as a team
Outline your procedure in:your Record Book. Describe in .
a few words what you pla_n to do and what you expect to
happen. Then get your teachet’s permission to try your ex-
- periments. Record your data carefully..Be sure to use two
- observers to measure the. height the rocket reaches This

helgl*rs a mgasure of performance of the rocket. Follow oo o

the steps for roeket launching in Activities 1-1 through 1.4, ‘t\ -

“a




A}
;

Caution  In working with the variable of qnount of*air, don’t

over-pump the rocket. Twenty strokes Is the suggesiad maxi-
mum. :

(J1-7. Descnibe how increasing the amount of water affeets
%\hc henght reached by the rocket. A\

31-8. Descnbe how changing the amount of air affects the

height reachcd by the rocket.

i N
In Problem Break I-1, you have learned what effect two
xlables can have on how high the rocket goes. But you -
y still wonder why these variables gause the rocket to go
up at all. Just why should water and air make it rise? Some-
thing about the combination of these variables mﬂuences the
rocket by giving it a push upward _ - .
A 1 .
J1-8. Pcrhaps you would like"to, give your own ideas on
how air under pressure and water cause an upward push on -
.the rocket. There is a space provided in your Record Book.
\ .
LA \
To check your ideas, you wil continue to investigate the
upward push in the next two chapters. ‘
‘ -
Bo[o/ro golng on, do SQ" évaluatlon 1 in your Record Book.”
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What a ~Reacti6n!

A batum Apollo rocket is a very large object. It stands more ;

than 100 meters tall—more than the length of a football

field—and has a basc about 10 meters in diameter. When v ¢ ’

fueled, it weighs 3,000 tons—as much as 24 diesel-electric ,

freight locomotives. ‘ C -
Yet when the tail of flame shoots out of the base, one of :

these rockets lifts noisily off the pad and heads into the sky.

How is this immense machine able to get off the ground?

Where does all the upward push come from? To get started

in answering this question, you need to look at a very much

smaller and simpler push
A ‘push is a force. So is a pull. You will be working with

such forces throughout much of this unit. Therefore, you'd

better knew how-to measure them. Perhaps you alrcady do.

In fact you may have used a special force-measuring device '

in Volume 1 of ISCS. If not, do Excursion 21 before going ‘:’:{ﬁ” RSO |

ahead in thes chapter. : -
Now back to that small push. Find a partner and get the

following equipment:

1 balloon

1 one-holg. stapper (#1)

1 force measurer, with thin blade

1 0-1 newton scale

1 angle bracket, with 2 bolts and 2 wing nuts

I clamp

.~ 0-1 newton scale

ACTIVITY 2-1. Fasten the clamp on the angle bracket with
boit and wing nut. Using the remaining nut and bolt, attach
the angle bracket to the end of the force-measurer blade. Be
sure to use the thin blade and the 0-1 newton scale. ’ T

24
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ACTIVITY 2-2. Stretch the opening of the balloon over the
larger end of the on_e-hole rubber stopper. Blow up the bal-
loon™While holding the neck of the balloon to keep the alr
tfrom escaping, férce a pencil securely into the hole In the
stopper. The pencil acts as a plug.

See
.

" ACTIVITY 2-3. Slide the stopper into the clamp on the force

measurer. Zero the 0-1 N scale. Although the balloon may

n rest on the force measurer or the table, the blade must be

N : - free to move. Now carefully remove the pencil by twisting it
’ ~and observe what happens to the biade as the air escapes.

T - sy - .0J2-%. Does the fofce me Esurer indicate thata force is actmg ' ;
e T T _ when the pencrl is in.the stopper? . = g IR

| 7 a7 s ) ."_7[]2-2 Does the force mgasurer indicate that a force is actmg R )
SR P _)vhen the pencrl is removed? » )

| Repeat Actlvmes 22 and 2-3 and try to measure any

_ _ change you observe. T o _

ST T e "' [J23. Was the direction of the forée actmg off the blade the
e ‘ - & b same as, or opposnte to, the dlrectlon of the air as it rushed .

e out? v : '

12 CHAPTER 2 e e 'D2-4 How much force was actmg?/
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; Figures 2-1 through 2-3 may help to explain what you

' observed. With the balloon mﬂaled the air inside exerts the
same force in all directions. This force is called 18 pressure.

. The air pushes outward against the sides of the balloon and
against the end of the pencil that closes the hole in the
stopper. Only eight force arrows are shown in the diagram,
but actually they can be considered to.be countless. Since
equal forces act in all directions, the forces are in balance.
“Thus, the balloon ddes not move. Its sides are merely pushed

No force

' outward against the outside air; which pushes back. measured
When the pencil is removed from the stopper, air rushes * '
’ out. The air within the balloon continues to push on the Figure 2-1 q
inside of the balloon in all directions. At the outlet, however, #

there is no balloon to push on. With the force stll pushing

on the inside of the balloon at the point opposite the outlet,

you have an unbalanced force condition. This unbalanced

' force causes the balloon to move, pulling the force-measurer
' blade in that direction.

® B

Gas 4

.

’ : 5 A force is
' measured
| Figure 2-2
. : .
) '.5, '
3' :
Figure 2_3 No force measured .,
\ ' ) . . Y : r
As the air continues to rush out, the pressure (fol’ces)
inside the balloon gets smaller. Eventually, it drops to zeyo. B
‘ With. no .force inside the balloon, the walls collapse and e
movement sfops. The blade then returns to zero. ‘ BN _
How does this idea of pressure on the inside and unbal- o
N _anced force apply to your water rocket? - S . 'CHAPTER 2 13
. { o @ e ) | ‘ -
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“[2-s. Suppose the rocket has been loaded, has been

pumped with air, and is-ready for launch. Are the inside
forces'in balance?

[12-6."When the trigger release slide is pulled, the water

rocket risgs into the air. What unbalanced force acting on

the water rocket causes it to move?

(2-7. 'Whatocould you do to increase this unbalanced force?

If you had trouble with the last two or three’ questions, °

_think back to Problem Break 1-1. You tried to find out what

effect a change in the amount of water or a change in pres-

. sure (number of pump strokes) had on the rocket’s perform-

ance. You'found that both variables affected how hrgh the
rocket rose.

(J2-8.. Suppose you filled the rocket with water but pumped
in no air, and then pulled the mgger release slide. Would
the rocket have risen? :

[J2-9 'Suppose .you ‘added no water to the lrocket but
pumped 15 strokes of air into it, and .then pulled the trigger
release -slldef\\yould there be any upward unbalanced force

~on the rocket? b

’ . v
W

Check your answers to questlons 2—8 ‘and 2 9 by domg

N

PROBLEM BREAK 2-1 _
. Find out how hlgh the, water rocket wrll go when ﬁlled

- with water but not pumped Then find out how hlgh it goes

when pumped with air but carrymg no water. Record the
results of your mvestrgatlon in your Record Book

+In the case of your ‘water rocket it isn’t hard t0_see, how

air pressure can change the unbalanced lift force. Think back -
. to the balloon activity. If you put more gas (air) into the -
_balloon, there would be more gas to. coryle out, giving you
- an unbalanced force for a longer time. I\addition,the gas

in the balloon would have greater pressure and thus would
cause a greater unbalanced force to push the balloon for-

1
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Figure 2-4

Less pressure

Smaller force
e P - - .Shorter 'ime . e e e [ —

‘More pressure
Greater force
Longer time

But why does the water have such an important effect on A
the unbalanced lift force? The rocket just won’t go far at
all without the water. The effect of air pressure and water
‘ ‘- on lift force must be closely related. To observe this rela-
o tionship in the water rocket is very difficult. Things just

| happen too fast. You need a simpler system, which can be
A controlled. Such a system is the rocket test stand. To prepare
| ., ..one, you should work with two partners again. Your team
' will need the following equipment: ~ _ ’

1 water-flow kit

1 plastic jet tube -

1 thinplasflﬁc ruler, with holes near each end
! 1 screw clamp

: -1 force measurer, with blank card

’ . 1 baby-food jar or cup

I graduated 100-ml beaker

I -1 washer

| Masking tape
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ACTIVITY 2-4. Slide the large end of the plastic jet tube about
1 cm Into the open end of the rubber tubing.

- Plastic jet tube

i e

(X4

BB A U

Rubber tubing

ACTIVITY 2-5. Remove the stee! blade from the force meas-
urer. Put a washer and then the plastic ruler on the bolt.
Replace the wing nut. Insert the jet tube in the hole at the

oo other end, with the jet pointing downward. .

-

O - Rubber tubing
Washer under plastic ruler _ N -

' 7
Jot tube

N : . . |
ACTIVITY 2-6. Loop the rubber tubing over the top of the
‘torce measurer, and fasten It to the back with tape. Be sure
N "~ that the loop is large enough to clear the force-measurer |
biade, thus allowing it to move freely. Siide a screw clamp
_omb the rubber tubing and tighten the screw, closing the
tube. : ~ ‘ .

i\

O . &

W




“clamp pinches the Tubber tubing,” ¢losing it. "Then Il the

. biade does not rest on the bottom support. Allow the water

- the screw clamp agaln . : : DR CHAPTER 2 17

: » g

You are ready for the final step in setting up the rocket
test stand. It will be nccessary to have the water-source
bucket about 2 meters above the jet outlet. Your teacher can
help you with the setup for your particular classroom. Figure
2-5 shows the complete setuj

The force measurer should ul on top of the catch bucket.
Be sure that thesplastic tubing is attached securely to the
drain on the supply bucket. Be sure, also, that the screw

supply bucket with water. Plastic tubing
. from supply bucket

Figure 2-5
A

ACTIVITY 2-7. With everything in position, open“ the screw
clamp slowly to allow a small stream of water to flow from -
the jet. If necessary, adjust the loop in the rubber tublng and
the tape on the back of the force measurer so that the blade
moves freely in a posm__on about like that shown. Be gure the

to run until all air bubbles are out ol the tubing Then close-

K A SRl e
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As you opened the screw clamp, you should have noticed
an effect on the blade. It moved up. Some force lifted the
blade to a higher position. You can try Activity 2-7 again
if you wish. When water flows through the jet, a lift force
is produced. This is like the lift force that occurs when water
v . ; shoots out of your rockel Your rocket test stand is an appa-
S - " ‘ ratus you can use to heasure that lift force. All it needs is
. . a scale. n

| ‘ 211, W w/
test stand

ACTIVITY 2-8. Slldo a‘blank card into tho lorco moasum ‘Be
sure the wator-oourcq bucket is filled. '

: — . Open the clamp ll?wly until you havo the 'tull fiow of wtm
. I . Closelt again slowly Do this several times until you can mark
ST the no force, or zero, polnt and the maximum force point with

, S : S a poncll Then observe for a moment the way tho\vator comes

S LT o out vmh tho clamp partly opon - .

R S _ S N I

ey =Ty 4R me—

S

‘of the water commg out ‘the jet aﬂ'ccted? IR

[12-10. As you opened the screw clamp, what happened to
. the plastic force-measurer blade? )

1’t your newton scalc work for thc rockct

ST _\"_ - \ i o "_' | [:]2-12 “As you opcncd thc screw clamp, ow was the speed

R TN "".‘-.-i,j."_Clz-Ta As ‘you opened the screw clamp, how ‘was_the
. ' 18 CHAPTER 2 . - amount of water. commg out the Jct aﬂ'ected? Lo

fr m—— - e
.
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It is difficult to measure the speed of the flowing water
dlrcctly But there is a simple way to esimate the speed by
measuring something else. You can judge how fast the water
is escaping by measuring the volume of water collected in
a given time interval. All you have to dois collect the water
as it escapes from the jet. )

Use your equipment to get answers to the next three ques-
tions.

4 H

[])2-14. How much water is released in 10 seconds when the
screw clamp is closed?

[72-15..How much water is released in 10 seconds when the
scrgw clamp is half open?

[]2>¢6. How much water is released in 10 seconds when
the screw clamp is all the way open? '

(2-17. Suppose the amount of water flowing from the jet
in 10 seeonds is doubled. What would you eenmdle to be
the increase in ﬁ((w speed?

You are now ready to find out how speed of ﬂow affects
the lift force on the rocket.

ACTIVITY 2-9. Remove the card from the force measurer. You .
should hawe already marked the zero point and the maximum
point on ithe card. bivide the space between the two marks
Into 10 equal parts. Use any method that you can devise. But
be sure that the 'parts are equal. 'Ninmber each mark as shown.
: ﬂ'

Wlth your apparatus various posmons of (he screw clamp
will change the amount and the speed of the water flowing

_ from the jet. This changes the lift force. To see how the force

varies wnth speed of flow, do Problem Break 2-2.

32
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PnoaLEM BREAK 2-2

Wn(h your two par(ncrs determine the volume of water . )
that must come out of the jet in 10 seconds to maintain each

of the forces marked on your force scale | through 10. A

suggcetcd procedure follows.

1. Onc person should act as timer, \anothcr as the catchcr‘
of the water, and the third as the operator of the screw .
clamp. ' RN

2. Open the clamp until thc desired force is indicated on' '
the scale. Water should flow out the jet and into the _

" catch bucket. Timing should then begin. ' '
3. When the timer says “Start!” shove the jar or cup under
the jet. Catch the water for 10 spconds At the signal
from the.timer, snmply remove the cup. Then the oper-
ator can close the clamp. \

4. Be sure to pour the water back into the supply bucket
whenever it gets low. Don’t move the suppcht!

5. Keep accurate data in the space provided in your
Record Book.

6. Using a container with a m! scalc\mcasurc thc amount

"W water caught in the jar.
7. At least-two readings should be takcn at each scttmg,

and an avcragc found for the table.

C ey,

[J2-18. ln anurc 2-6 in your Record B(yk skctch a graph
" of the data _you have collected. .

Y

Volume (a rela\lvo measure of

o _ . - ﬂowopood)

2-19 When ﬂow specd mcrcases how is lift force aﬂ'ected? S

\_,‘

_’-;4__‘._"\:.,,_,’_,,..,,_-4_ B ;:....‘_:.
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1 \ytl_l have. See fo

You have answered the basic question asked in this chap-
ter: How do pumped .air and water affect the lift force on
the water rocket? The steady flow of water out af the rocket
provides a lifting force. The faster the flow, the greater the
force. Increasing the air pumped (pressure) increases the
pressure force. This in turn increases water-flow rate. Thus,
an increase in lift force occurs.

Before you leaye thie chapter, there is one other effect you
.should investigate. Hroblem Break 2-3 deals with an impor-
tant error that.somt people make’when they thmk about
-rockets. '

PROBLEM BREAK 2-3

O ———

. Some people thmk the push of the escaping gases on the

air outside is what moves a rocket along. This idea suggests
that the meore air b{hmd the rocket, the more force (thrust)
yourself whether this is the case.

ACTIVITY 2-10. Open the clamp all the way and note the force

7 on the blade. With the jet running, raise the full jar of water

it

under the jet so that the discharge is under the surface of
the water. Note the torce under this condition. Do this several
tlmu until you are sure that you see what happens. Be sure
thal the blade and tlp are not touching the jar.

D2-20 What force dld you measure with the _|et dlschargmg
underwater"

| [J2-21. How did this force compare wnth the forCe measured
with the jet out of the water? : :

.[J2-22. How would you explam the dlﬂ'erence in force lf
there was any'? S _ _

.[J2-23. Do the results of thls actmty agree wnth the ldeas -

of those peoplc mentloned'? -

t

Boton golng on, do Sdt-Evaluatlon 2 In your Record Book

34
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By now you have some idea of what gives the force, or thrust,
_ that puts a rocket into space. To get your water rocket
launched, you put water inside it. The pump added air under
pressure. The volume of t”cr and the speed with which
it was forced out gave t rust you needed to get your
rocket up. a . :
‘But how much force is necessary to get the rocket to rise?
Let’s see if you can find out the answer by making a few
- measurements. Select two partners and get the following

equipment for your team:

1 force measurer, with thin and thick blades

2 cards with premarked scales (0-1'N and 0-10 N)

| dry water rocket . n '

1 funnel _

1 pail of water B - e

4 paper-clip hooks ' L . :

1 100-ml beaker or other container that can be used to

- - measure water in ml

“

CACTIVITY 3-1. Use -ﬂto' t_hln,bladq for now. onn the 4 paper
clips and link them together as shown. Zero the force meas-
" uger with only the clips In place. Bend the large end of the

" _bottom clip as shown, and fit it over the flange of the rocket. - o

“Support "!-9 p't__npty _rockot' ih an upsjde—dqwn hang'ingl posi-

Did you remember to use your 0-1 newton scale?

et
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[13-1. What is the force-measurer reading in newtons?

You have measured the force of gravity on the mass of

the,empty rocket. This measure is the rocket’s empty weight.

Yo¥ know that the rocket must have water in it for best

performance. You can think of the water as the rocket fuel.

' Refer back to Probleii Break 1-1 in Chapter 1 to find the

\” o number of ml of water used to push the rocket to its greatest

‘ SR ) hcnght

~ o .

- [J3-2. How many ml of water did you use to send the rocket
~to its greatest height? .

. The water added to the rocket has mass. Air was also
added to make the rocket go. It, too, has mass, but its mass .
» o - 15 stall compared with the mass of the water. Therefore the .-
- increase in the rocket's mass is due primarily to the added = - .
water. You can find out how much mass was added by usmg o
your force measurer. - : S

———

!
1.
i3
M
1
i
A

ACTIVITY 3-2 Uolng the tunnel and callbratod contllnor, add

_to your rocket the number of mi of water glvon in your answer
to question 3-2. Weigh the fueled rock again as you did In'._ .
- Activity 3-1, You may have to use the (Afitk blade andthe 0-10 =~ ", v~
ncwton ocah T ' DU I

SRR [:]3-3 What is the wclght in ncwtons of thc fucled rocket?
s . Thns total wenght is the force of grawty actmg on the rocket’ o L
B e Y ~ and-its contents, It is the force that must be overcome bcfore o L
CHAPTER 3 - ' - - -the rocket wﬂl rise. =




[13-4. If the rocket is to rise, ‘and not just hang in space,

what must happen?

ACTIVITY 3-3. Once more, hold the force measurer so that
~ the rocket hangs free. Rapidly, but steadily, raise the force
measurer ,while one partner watches the scale. The scale
observer should watch for the greatest force that' occurs while
the rocket is being lifted. This will probably be during the first
second\of lm Repeat the process several times to gel an
average.

\ b .
Dg-s. What. was the average maximum force-measurer
reading on rapid hft?

[13-6. How does the rapid-lift force compare with the force

of gravity on the fueled rocket? (Look back at your ‘answer’
_ to question 3- 3)

¥

Thc addmonal force needed to give the rocket motion
shouldn’t have surprised you. An unbalanced force must be
exerted on an object at rest to get it movmg

[13-7. Suppose an upward force that is equal to the werght
of the rocket and its contents is applied. Would the rocket
move upward? Explain your answer. .
>
- Recall when you lifted your water rocket with the force
measurer, you probably noticed that the amount of an un-

_ balanced. force measured depended on how fast you lifted.’

-~

o
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' CHAPTER 3

To say it another way, the greater the unbalanced lift force,
the faster the lift speed. Thus, the farther the rocket will have
— gone since lift-off. Figure 3:1 illystrates this.

Time since
liftoft
- Large -
Small unbalanced W]
unbalanced lift force M
lift force - P "'r}'}'!?
et~ g A Sat St . N
,-' ‘, "‘ ,4 ,q e v.-".‘\cl
S ol S ™y o A ..
/ : - © Launch pad 3 .- \
> ) >
Figure 3-1 .

Another important thing is happenmg to your water rocket
as it lifts off from the launch pad. It is related to the mass
~of the rocket and its contents. :

2 f
[]3-8 Does the total mass of thc rocket plus uts contents
remain’ constant throughout its ﬂnght" Explain your answer.’

You should investigate thc effect this change in mass of o
the rocket has on its performance. To do /50, you need to
- work with 3 or 4 other classtates who are-at this point in’

the text. Your ‘teath wnll need thc followmg matenaIS‘

1 cart, thh watc;; clock _ L |
'_ljarforwater ' , - -
1 meterstnck o e

A

Look for a ﬂat, fmrly smooth surface at least 2 meters long
If this amount of space is available on a table, use it. Othag
.. wise, you will need fo do the actmty on the floor.

~ First, you ne€d to use the water-clock cart to see what can
bc mpasured w1th 1t. S - :

b




ACTIVITY 3-4. Place the water clock in position on the cart .
and fill it completely with water. Place the front of the cart

on a line you have marked on the table or floor. Then-push

down gently with your palm to start the water dripping:

Starting line

ACTIVITY 3-5. Now glvé the cart a gentle push until its back
wheels reach the line. Then stop pushing and let it coast.
Look at the pattern of drops it leaves behind. Don’t disturb

the pattern.

Starting ﬂne

(13-9. Did t‘rh'c" speecLet" your cart in Activity 3-5 increase, o )
decrease, or stay the’same aftet you stopped pushing?

You may need help with question 3-9. Each drop falling
from the cart takes the same amount of time to form and:.
reach the surface. Thus, the distance between drops on the
surface can tell you whether the cart’s speed was unchanging,
increasing, or decreasing. It can also tell you the amount of | :
change between each time interval. :
In Figure 3-2, three water-drop tracks are shown.

. . . _ N . : ~_ -
[J3-10. Which track in Figlire 3-2 indicates no change il
cart speed? Which track indicates an ihcrease in s_Bced?
Which track indicates a decrease in speed? -

! C ' . o :
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o - © ACTIVITY 3-6. Measure the distance botween each pair of
L S o < drops from Activity 3-S. Start with the dfop riearesttothepoint *~ -~ - _

whero you stopped- puohing the cart. Make ‘your measure- o
¢ ments to the center of the drops. List the dlctancu in Table

.
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-if (a) the distance between drops increases? (b) the distance

Na

The shorter distances indicate that the cart slowed down
after you stopped pushing it. That’s no surprise, of course.
Whatf good is all this then? ' '

"Your water-clock cart can-be used to identify changes in |
speed. All you have to do'is look for changes in'the distance
between drops.

: ) .-:\ SN : . K EI'S
()3-11. What must have happened to the speed of the cart

‘ betwee“'dFOP‘S".dCCreaSCS?""(c) the distance between drops
stays the same? : -

Now you can find out how speed, mass, and force are
related. To do this, ygur team will continue wo_rking with
- the cart. You will also need: ‘ ' :

"1 force measurer, with thin blade and 0-1 newton scale
4 paper-clip hooks - |

1 piece of string, 2 meters long

3 half-kilogram masses : .
Tape . '

' The questions you want to investigate are these: When a
congtant unbalanced force is applied to an object, how will
the g.)bje_c_t’s_ speed change? and’ What effect will result if the
object also lgses some of its mass? ' |

" You can use the force measurer to apply a constant force
on the cart. And yoyscan vary the mass of the cart by loading
it with half-kilograzu(l masses and then removing them one
at a time. The cart would then be like the rocket that moves
upward under a constant force while its mass gets less and
less as its fuel is used dp. Try the cart experiment and see
what happens. '

Js

of string

scale

-

ACTIVITY 3-7. Fasten the 2-meter piece of string to the force
measurer with tape as shown. Then lay the force measurer ‘ .

on its back. Zero the force measurer while it is in this posifion. - L ~
‘Have the thin blade in place and use the 0-1 newton scale. " CHAPTER 3 ~ 29

“+

2 meters

0-1 newton

o
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ACTIVITY 3-8. Connect the cart to the blade with 4 paper-clip

-hooks. Place 3 halt-kilogram masses on the cart. Do not fill

the water clock yet. Pull the force measurer along the table

or floor, trying to keep the force on the cart constant at 0.2
newton. "

-Y\ou will need tq practice to keep the force constant at
%" 0.2 newton. Make several runs until you can do it. The force

S may vary a little above or below the correct amount, but
the blade should stay fairly close to the 0.2 mark.

¢

 ACTIVITY 3-8. Fill the water clock and start it dripping. Pull

on the string to get a gonstant 0;2;_\new_ton force. Go far
enough to get at least 10 drops on the surface of the table
or floor. Examine the pattern of drops. SR

A\l

Cau llon If you are workigg. on a 1able, be s&rg\ 10 have obe _
.of your pariners stop the apparatus at the edge. - _
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E ' [J3-12. With a constant force applied, did the cart gain
' speed, lose speed, or travel at a constant speed?

Using the same method you used in Activity 3-6, measure | ' :
the distance between drops with a ruler. or meterstick. You g
should measure that section of the run where you maintained
the force at 0.2 newton. You probably noticed that the force
measurer tends to jump to a higher measurement as you start
s the pull and then bounces back as you release your pulling
force. It will take practice to get this constant force over a

)

‘ 2-meter run. Wherever you start measuring, you should :
‘ measure each distance in order from that point on. List the i ""ﬂ
distances in Table 3-2 in your Record Book under “Total k
mass: 2.0 kg.” (Remember, you used 3 half-kilogram masses
on the cart. The cart itself has a mass of one-half kilogram.)
¢ AY \ .
f
Table 3-2
Distance (in c¢m) i
@- . £ " .
=7 Time Total mass: Total mass: Total mass: Total mass: ' %
interval 20kg 1.5 kg 1.0 kg 0.5 kg , L b
4 . N ‘-f . -
. Ist o :
‘ 2nd '
| , R
' - 3rd . &
~ 4th
_ 5th 5 -\ o .
6}h " . o
i . T .
- S CHAPTER 3 . 31
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3
4  ACTIVITY 3-10. Remove one mass from the cart and repeat

" the pulling activity. Be sure the water clock |s op&ating and K
the force is kept constant at 0.2 newton. Record the dista
measurements in Table 3-2 under ‘‘Total-mass: 1.5 kg."” b
repeat the activity with one mass on the cart, and again with
no mass on the cart. Record the measiurements in Ipble 3-2.

_ During each run, keep the force as close as you can to 0.2
newton.

'CHAPTER 3 -

—r []13-13. Did the speed of the cart increase during each run?

[j3-14 With which total mass did the speed of the cart q\ :
change the fastest? _ y _ )

[]3-15. With which total mass was there the least change
“in speed" '

1

-

Perhaps you can see from this activity that a constant - &
* . unbalgaced force on a body will cause its speed of motion -
to-incréase. A greater increase witl occur if the mass of the -
body also decreases. -At this point you ought to take stock
*\ of what you have found out and see how it apphes to the
rocket launch. The followmg list may help you S

N .

" 1. Some ¢ombination of water and air pressure gnves the .°
" best.rocket performance , : ‘
2 The speed of water flow out of the rocket produces a
- -forward force, or thrust on the rocket. - .
3 “This unbalanced force in the rocket chamber pushes . :
the gocket forward. - S R
4. The amount "of force needed to get the rocket oﬂ' the
- -.ground is any amount-that is greater than the wetght - _ _»
of the loaded rocket. - - - A
5. With a constant unbalanced force, the speed of the
rocket continues to, mcrease .
6. The greater the unbalanced force, the faster the speed -

"

increases. - . _
7 The loss of mass from the rocket causes rts speed to L
- lncrease even, ‘faster. . .. . S !

R
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If you were-a careful observer, you may have found out

.- another thing. Wth you fired the water rocket, the water

was forced out l'dpldly. In a very short time, there 1s no more
water to apply an upward force. The rocket then slows to
a stop at its maximum height and returns to the ground.
Appareatly the length of time that a force is applied has
an effect on the speed that a rocket dllmm You could add

that point to the list.

8. The longer an unbdldnced force s dpphed the more
the rocket will speed up.

(13-18. If you could continue to apply an unbalanced up-
ward force on the rocket for a longer time, what would
happen to it? :

[13-17. When the rocket starts to fall back to lhe earth, what
force i1s then unbalanced?

You used water and air as the fuel to make your rocket
leave the groimd. The Saturn rocket uses a kerosineliké fuel
mixed with oxygen. This mixture is burned in the combus-
tion chamber, producing the hot gas that exerts pressure and
pushes the rocket on its journey. This hot gas rushes out the
nozzle of the engine in much the same way that the gas (air)
shot out of the balloon in the activity you did earlier. But
because there T much fuel being burned. it continues to
rush ‘out for a much lonéer time than does the gas from the
balloon or the water from your water rocket.

Perhaps you would like to know more about the way fuel

- ‘and oxygen react in a real rocket. Or you may want to know

how the hot gases that are produced push the rocket. If so,
do Excursion 3-1, “The Big Push.”

In addition to those variables you have studied, there are
other factors that affect the speed of a rocket at higher alti-
tudes. You will work with these in the next chapter.

After all the fuel is gone, there is good reason for ejécting
the first stage on a rocket. To examine the effect of discarding
the first stage and to see why rockets are built in stages, do
Excursion 3-2, ‘‘One Stage at a Time.”

' ‘Before going on, do Self Evaluation 3 in your Record Book.

et
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All Systems Are Go @ - Chapter 4
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You have learned how to get a rocket higher and how to
make it go faster. But what must be done to put the space
vehicle into orbit or to send it on its way to the moon? The

ideas of an old scientist friend may help you with these f a
questions. ' B
About 300 years ago, Issac Newton described the paths . .

that a body. would follow if it were given a sidewise (hor- .
zontal) push. He pictured the body as being projected from -
Y g top of a mountain at V (Figure 4-1). Orbits from V ending
o .atD; E, F, and G respectively are for bodies that were thrown
’ with increasingly greater ho_l_’izontal speeds. Newton theo-
| rized that if the body were given enough horizontal speed,
A it would continue to move all the way around the earth, as
f in A. In other words, the body would go into orbit.
,!\ - How much horizontal speed would -be necessary -to put
1 ' the body into orbit around the earth? An activity can help
)\ “you begin finding out. Work with two partners, You will need
§ the following equipment:
J

‘ e ¥ 1 force measurer, with thick blade and 0-10 newton scale . ' .
"1 ball holder, with 2 bolts and 2 wing nuts s o ~
'1 steel ball S ' ' : h ' | X '
1 meterstick o . o ' . . 38
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36 CHAPTER 4

A

ACTI_VITYlA-t Fasten the ball holder to the end of the thick
force-measurer blade. Zero the scale. Hold the force meas-
urer at the edge of the table in a spot where the steel ball
can be-projected wlthyz hitting other objects. One partner
should hold the force measurer securbly to the table,

- second partner should operate the force-measurer blags, and

ACTIVITY 4-2. .Mark the spot on floor directly undﬁ the
tip of the force-measurer biade. Put a steel ball In the holder

_and apply a 2-N force to the blade. Mark the spot where the

ball hits the floor. Moasuro'th_e dls'tan.co bptwoon th_o‘two
spots and enter the measurement in Table 4-1. (You may wish -
to gét an average measure for the 2-N trial.)

N L .

R

v ) T N
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l p) - ) r:.‘ . ,
Force o Distance o -
Trial No. .| - (in newtons) (n meters) (——/ p
. | 2 < -
S _ 2. 4 ’
Ve 3 6 \
, > & -~
; ‘ .4 ' 8 -
S 10 ‘
) Table 4-1 -
«\ . g )
}
! !
* ‘ ] e
’ : 1
'
ACTIVITY 4-3. Apply forces of 4-N, 6-N, 8-N, and 10-N to th_e i )
steel ball. Measure the distances and enter the measurements |
in Table 4-1. Remember to keep the torce.—meaiurer’é blade :
) tip over the spot you marked ori th_e floor. ;
» E
. While the ball 1S supported n (he holder, the ‘holder !
’ L]
‘ pushes upward on the ball as strongly as gravity pulls down- N A
ward. Flgure 4-2A shows this. As soon as the ball leaves the |
holder, as in 4-2B, the torce of oravnty is unopposed, and |
. \
: . the ball falls. - )
. - : i > .
T ) o ~ Holder .
R Steel ball / \ E
. _, 3 _ ]
& | Flabr
. [ T
. - :\ Fn=Fo - ¢ ‘ : , k _ :
N . o , . Fa “ : . )
. o —2 , B . Figure 4-2
' ] H . . ! 1 »
b £

)
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Ball hold
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end of blade

[

[]a-1. Did the horizontal distance the ball traveled before

hitting the floor scem to depend on the amount of force
applied? :

'[]4-2. What do you thipk would happen-to the ball if you
applied more and mofe horizontal force? '

“The horizontal distance the ball travels through the air

depends on how much force you apply, and you may also

o suspect that the horizontal distance traveled depends on how
5 - long the ball is falling. ) '

- s

/

e

along trial paths 2, 3, 4, and 57 . T

It isﬁifﬁcﬁul(tq be sure about your angwer, isn’t it? But
“there is a way you can check. Get another steel ball from
" the supply table. ' T

Y

C
er on

o L Steel ball in each
- o o - ‘end of holder

- ACTIVITY 4-5. Put a ball in each end of the holder. Have one
. ‘partner hold the force measurer firmly_on the table. Pull the
s " blade back a small amount and [‘olea_oo. Listen carefully for
s -the sound of the balls hitting the floor. -

PRI R T
¢!

e

-, [J4-3. How does the length of time it takes !k(c ball to reach -
N the floor along trial path 1 compure with the length of time

ACTIVITY 4-4. Remove the blade from the fotce measurer,
and refasten ll so that It points in the opposite direction.

1)




¥

ACTIVITY 4°6-Try pulling the blade back different amounts. -
But don’t pull it back more than about 3 cm from the zero
position. :

@

You probably noticed that one ball fell almost straight
down to the floor, but the other went out and then down,
following a longer path before it hit. )

[4-5. ;)id the distance that the one ball was projected make
any difference in the time it took to reach the floor?

(14-6. What does this activity suggest about the time it takes
for the ball to reach the floor along the various paths in
Activity 4-3?

(74-7. So far as you can tell, does the time to reach the floor
depend on how fast the ball is moving horizontally?

[]4-8. Does t}le“lime of flight seem to depend on the*hori- F"*?\i:f:l\::\\

o . RN S
zontal dlstance that the ball moves? . ! NSO
] \ \\ \\ S
(14-9. Whal two motions does the ball have after the force E ‘\\ \\ ™\,
is applied? ' Vv
‘a ’ E “| \\
; i ' \ \
: v
From this activity, it appears that, the force of gravnty ' e o ¢
always acts to move the ball downward This downward
Figure 4-3

motion is’ mdependent of (not affected by) the horizontal
motion of the ball. In other words, the force applied to
project the ball horizontally has no effect on the force of
gravity. That’s why it takes the ball the same length of time
to fall to the floor, whether it falls straight down or along
a curved path. As long as the ball falls from the same height, - .
the time of fall will be the same. (See Figure 4-3) ' CHAPTER 4
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Steetball ©
and glass marble
in holder

I:Aﬁ' J .f:i O \\} about Galileo’s work, do Excursion 4-1, “Time to. Fall.” ’

-

40 'CHAPTER 4 °

_Is projected and each one is dropped.

“ 23
One other thing about falling bodies. Does the timg of”
fall depend on the mass of the object? Get a glas¥ marble
the same size as the steel ball, and do the following activity.

ACTIVITY 4-7. Put the glass marb 'l@nd the steel ball in the - 4
holder and launch them as before. Listen for the sound as
they hit the floor. Try changing them around so that each one

/

! .

,-" The steel ball has more than twice the mass of the glass
harble. :

D4-10 Did the mass of the ball make a dlﬁerence in the
“time of fall?

The sciefitist Galileo made measurements on falling bod-

ies. He found that near the earth an object will fall almost
-5 meters in one second. If you would like to know more

5

PROBLEM BREAK 41 P | .

Your job is to figure out how fast you \ would have to propel!'\'_/ T
an object to put it into orbit. This is called the orbiting speed.” '
.Use your knowledge of the way bodies move and the forces
that act on them. You should enter the orbiting speeds for
the drﬂ'erent a( tudes of the satellite- in Table 4-2 in your : ,
Record Book. .- - tooe

To begin the prbblem you need to find the orbrung speed o E
at the surface of the earth. Of course, you realize that air
friction-would slow an ObJCC( at this low almude ‘However,
you are only interested in what the speed would have to be. .
To help you get started, do the following thought experiment. °

Suppose you moved your ball launcher to the shore of the
_ocean on a day when there were no waves to stop the ball.
As you increased the propellmg force, the steel ball would
go farther and farther before fallmg mto the ocean. You




Full Tt Provided by ERIC

“
s

- ) ) R .
know that the surface of the ocean s not really flat. It curves
downward with the curve of the earth. Suppose you could™
propel the ball fast enough so that its curving path was

exactly the same as the curve of the earth’s surface (Figure
4-4).

(T14-11. What would happen to the ball?

Near the earth an object will fall about 4.9 m in one
second. If you set your tmaginary launching platform at a
height of 4.9 m above the surfaceé and if the earth were flat,

- your ball would hit the earth in one secpnd no matter how
far you threw it. But the earth is curved—it curves downward ~
about 4.9 m for every 8 km of distance around the surface.

. . Thus, an object traveling at a speed of 8 km per second
wotld always remain at the same height above the surface
as your launching platform (see Figure 4-5). '

. .
!"“\.akm

Launch platform 49 m

|
above surface ‘ "r--..-..-.-.-'-———-~——/,-$-\——.~—.-— '
- I/M‘ /. } .

N 4

1 e gt P




I

e

b

o4}

IS .
o
"
.
2
~
A,
- 1
e
~
]

A

LT ey T

D Tableaz o R P
Height of Satellite | Fraction of Speed : ‘
Above Surface at Surface of - -Orbiting Speed of |
(in km)- - Earth Satellite (in m/sec) i
0 (at surface)® 100 ¥
160 0.99 - : : é
‘ 1,000 0.92 SRR
. .2000 086 . . }
3,000 0.82 g
'5,000 Tom ¥
6000 com -, LR
7,000 -, 0.68 g
T ; i g . :‘i
8,000 0.66 Bl
" 10,000 0.63 S
380000 . 0.1_3 ,3
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3 ZTCREPL n-.n x-am‘ln\J m—a:-“v- aeny Ay Tr sl SLT S A LB Nt el mmu-»\——»u‘ﬂ 2 Altate 12‘-’- W Lt A .’;»\b..A
3 : - » . . .

¢

A )

Thc thought experiment should have gIVCH you the orbit-
ing speed for a body just above the surface of the earth. Enter
this figure on the first line of Table 4- 2 in your Record Book.

‘[14-12. Would. the orbiting speed be the same, faster, or
slower at a height 10,000 km above the earth?

If you had troublc wnh this Qucsuon you will dlscovcr
the answer as you complete Table 4-2..

A

¢




As you move farther out from the earth, the force of grav-
ity d&creases. Thus, a body will not fall as far in one second.
At the lowest satellite orbit height, 160 km, gravity will be
0.99 of the surface value. At that height an object will fall
0.99 of 4. ¥ meters in one second. This is slightly less than
4.9 meters ‘one second. With this smaller amount,of fall
toward the earth) the orbiting speed will have to be 0.99 of

~~~the surface orbiting speed "to stay the same distance from
the surface of the carth. Find this'amount and enter it on
the second line of Table 4-2 in your Record Book.

‘Figure the fraction of the surface orbiting speed for each
height. Complete the table by filling in these speeds.

The moon is a natural satellite of the earth. At a distance
from the earth of 60 earth radi (380,000 km), the gravity
pull of the earth is much less than at the surface. The orbiting
speed of the moon is only about 0.13 of the speed of "a
satelliterclose go the earth’s surface. The last line that you

. filled in in Table 4-2 is the orbiting speed of the moon.

ks

. Even 300 years ago, Newton ‘lalize_d thag an object could

not be orbited at the surface of the earth. The air drag would

slow it tooymuch. But at an altitude of 160 km, the friction

of the air is very small. This distance is the parking orbit
" that is used for satellites.. ' . ’

Now let’s sum up your knowledge about the motion of
.an object above the earth’s surface.

3 e -

e,

1. The time that it takes an object to fall to the earth 1s
‘not dependent -on the body’s horizontal speed or its
mass. The time of fall does depend on the force of
gravity (Figure 4-6)."Near the surface of the earth, the

! ~force of gravity causes a body'to fall 49 m in one
second. e e ‘ D
Large mass Small mass '

~

——-@
emmaecasncacl)

Time to fall
is the same.

I

Figure 4-6

24

~

Time to 5
fallis the
same.
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2. The atmosphere necar the surface of the earth exerts a
force on a moving object. The air particles rub against
the object and slow it. The friction of the particles
against the object produces heat. As the moving object
gains altitude, the atmosphere becomes thinner; fewer
particles are there. Thus the frictional force is less, and
there is less drag on the object (Figure 4-7). For the
Saturn-Apollo rockets, air drag is enough to cut down
the speed of the rocket at first-stage engine shut-down
by about 460 m/sec from what it would be if there were
no air drag at all. However, the rocket continues to

44

3. The force of gravity, which you investigated in Chapter
3, makes it hard for the rocket to get away from the
earth. This force is an .extremely important- one
throughout space, as the effect is felt not only from the
earth but from the moon and other heavenly bodies as

- ' well. Near the surface of the earth, gravity exerts a large

" ' force on a body. As the body goes away from the earth’s

. surface, the force of gravity decreases (Figure 4-8). For
examplc at a point 6,500 km above the earth’s sur-
face (about twicel the distance from the center of the
earth to the surface), gravity force is only } what it is
at lhe earth’s surfacc

A

3

| | -// ﬂ
" Force of gravlty

1 ¥

Flgur'ou- ;

: lf you would llke to find ‘'out more about gravity and its

l?‘ ql ! {.Jg} ' eﬂ"cct’ On\QbJCCtS try Excursion 4-2, “The Falling Apple
o Pwelght The data in Table 4-3 illustrates how the weight of .
’CH_AP’I_’ER_.4 -+ . an object changes as it gets farther from the earth’s surface.

Py

At e b e s AT AUy
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~"The forde of. gravnty on an object is called the object’s

/ —-——--climb rapidly -upward-because of -its -mighty-thrust.-— ——-
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\
[14-13. Using the data in the table and the gnd in Figure
4-9 in your Record Book, draw a graph of the change i =
weight with increased distance from the carth’s surface.

Table 4-3
- \ _
Distance from Weight of Object
Earth’s Surface Exerting 100 N . — . —
(in km) at Surface : r o Y
0 100
/
100 97
¢
200 94 |
500 86 _ : l :
1,000 _ 75 ‘ : .. : ]
1,500 66 . . L
2,500 52 . ’ ‘ ‘ ‘
) 3,500 2 ‘ : ﬂ o
4,500 o 34
— Gravity force
5,500 . 29 ;
6,500 . 25
7,500 - TSR ‘
8,500 18

‘Use your graph to answer the next two questions. -

[]4-14. At what distance from the earth’s surface is thc
weight 4 (50 N) of what itis at the surface? -

[J4-15. At what dlstance is_the welght 1.(25 N) of what it
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Notice that question 4-15 could"be answered in two ways.
It does not state “from what™ the distance 1s to be measured.
If you did Excursion 4-2, you know that the force of gravity
acts as if all the mass were concentrated at the center of each
body. To really compare the forces of gravity, you should
add the distance to the center of the carth (the carth’s radius)
to your distance from the surface. The distance to the center
of the earth is 6,371 km (Figure 4-10). Add thls to the dis-
tance in qucsuon 4-15. .

‘. ' :
(]4-16. Atwwhat distance from the center of the earth is the
weight 25 N (1 of what it is at the surface)?

. LI “ .

The force of the carth’s gravity gets smaller and smaller
as a rocket speeds away from its surface. However, this force,
even though small, continues to exist.

If there 1s no place where the carth’'s ‘gravity is zero, it
seems reasonable to conclude that a rocket shot straight up
will eventually fall straight back to the carth. How, then! can
it be put in orbit around the earth? As you have found, 1t
IS necessary to give it a honzontal shove to get it into orbit,

IU’'s no fun just to get in a car and drive around the neigh-
borhood. You like to go somewhere, to take trips, to see
thmg% The same 1s true in space travel The firstspace flights
were concerned with the problem o ‘gutmg away from the
earth and getting into orbit. Once this was mastered, there
was the desire to go places.

Let’s start with a rockgt on-the pad and follow it all the
way on a journey into deep space. This will help sum up
all the ideas that have been devc_l()ped in this unit.

[:]4-17 For the rocket to lift off the pad how must the thrust

force compare with the weight force ot the loaded rocket?

1

—.

¥

~

Force of gravity

Radius
6,371 km

I
EARTH

Figure 4-10 i

>,

TO THE MOON

/’
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} 1734-18, How will the amount of thrust produced by the
engines at ground level compare with she thrust at higher |
\

alutudes?

.[)4-19. As the rocket rises faster and faster, what force op-
posing its motion will increage 10 a maximum and then de-

‘ . crease?
. ’ “ x

. . LY
N SN R -{jaa20.rW\1al other force opposes the rocket_motion and

\‘ e ' - decreases as the rocket gets farther from the earth?
o . L ' o
] : " “You'recently found that an object just above the surface
L - of the earth would have 1o traval 8 km per second in order
N T o stay the same distance from the earth. -

s \:-, . ';" , ‘ s . \: i ‘ - . "
) { *\‘\ _ [J4-21. How many miTc\ per hour-is.8 km per second?

~

-oe L Just above the surface of the earth, the force of gravity ,
’ ‘ . is large and the atmosphere is thick. Both of these factors
) : . " act against the rocket. ~ ' '
c _— The pull of gravity and the thickness of the carth’s atmos-
phere decrease as-you go-away from the earth’s surface. .
} _ With less gravity, spacecraft far above the earth don’t need
! _ - . :lo‘t}avel as fast as those at lower altitudes to stay in orbit.

(

A

ot e

o

period as a ¢

2. The time needed.for a satellite to go once around , L
it-is. the period of that satellite.. What is the earth’s B
atellite of the sun? -

. . / 1 )
o o | (J4-23. How many.¢ conds would it take for the object trav- .
' eling at 8 km per second to make one trip around the earth?
(The circumference of the earth is about 40,000 km.)

, []4-24.. What effect would a higher orbit have on the period
o of a spacecraft? | S

Once aroynd == pérlod

/
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Not only does the speed of a body decrease as it orbits
farther from the earth, but the body also has farther to travel.
So the perioth gets greater (it takes longer to go around)
because of a slower speed and a greater distance. A spaceship
orbiting at an altitude of 161 km has a period of just under
90 minutes, and it travels at almost 8,000 meters per second.
The moon, a natural satellite of the earth, has a period of
274 days. At its distance—380,000 km—it takes the moon 27}
days to orbit the earth. And because of decreased gravity, S
| the moon’s speed is only about one eighth the speed of the
spaceship that closely orbits the earth.
If you would like to take a further look at satellite orbits,

do Excursion 4-3, “Orbiting Syncom.” _ ‘ ::(H‘ 'J :{s"ﬂ fﬂ \‘l

» - ) : \'b ‘ ot . .
“Let’s get back to our rocket ship. Putting a satellite into
= orbit involves five steps. Figurqhﬂ-_\ll illustrates these steps. - Figure 4-11
; - e .

A Orbit injectlon o - . ) 2

\\n.v
) _ ""*Xeep.. 5 Oritpath
3. Coasting path \.." . | “eeen.. .

© . ' o . ! Ces
- .

. .
] . . . ?

' " ' 2. Tilt started here

1. Verﬂcal rise

//




B
2.
|
{

Less than
orbital speed

N
\

Figure 4-12

y

Exactly at
orbital speed * -

~. . -
v

" Figure 4-13
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~"10-40,000 km/hr), the orbit will be elliptical. The greatest

S rmmas-"
. .

The rocket rises vertically from the pad. .
After rising some distance vertically, it is tilted. !
It climbs on a curving path to orbit height.

As the rocket reachwg the necessary spccd for orbiting,
the engines shut down.

5. 1t then moves along the circular orbit path. (The orbit
will be circular only if the rocket has exactly the right
speed. If it is less than the correct amount, the satellite
will come back closer to the earth. There it will encoun-
ter denser atmosphere, which will slow it even more
and eventually cause it to return to the earth or burn

O N -

lt is now time for the rocket to head -out into space. How
can this be done? The key is more speed. A sﬁghtly greater
spged gives an elliptical orbit, but if the speed is increased
enough, the rocket will escape.into space. The following
figures and explanations will help to make-this clear.

At speeds less than about 8 km/sec (28,800 km/hr), the
object will reenter the earth’s atmosphcrc and return to the
surface (Figure 4-12). _ -

If the speed is exactly correct for the altitude of the object,
a circular orbit will be the result. At an altitude of 161 km,
this speed is just under 8 km/sec (Flgure 4-13_). L . .

At spccds from 8 km/sec to 11 km/scc (28,800 km/hr

speed will be cl?sest to the earth (perigee). The slowest speed
- will be farthest from the earth (apogce) (See Flgurc 4-14)

-
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If a speed of greater than Il kin/sec (40.000 km/hr) is
reached, the object will escape the. gravitational pull of the
earth. It will head for outer space (Figure 4-15). This neces-
sary speed is given to the Apollo spacecraft by a “burn’ of
just under 6 minutes of the third-stage booster. This addi-
tional force increases the speed just over 3 kmysec.

-

- -
i L Ty

U - . .- B . . “_l

If the spacecraft leaves its parking orbit around the carth
at just the right time, it will head for the moon. It will be
on a “free-return path.” This means that with only slight
corrections, it will swing around the moon and head back
to the earth. Figure 4-16 diagrams this path which looks like
a hugc figure 8 L /

a8
, : - Figure 4-16
~No rocket power 1s needed on this free-return path to and
from the moon. The spacecraft would continue this figure-8
path indefinitely, swinging first around the moon and then
» ' ' around the earth. _
o ~ Here are the steps needed to get the free-return path to .

and from the earth to the moon (Figure 4-16).-

| _ 1. Lift-off and insertion in parking orbit
2. Parking orbit around the earth ~
- 3. Insertion in free-return path to the moon
4. Free-return path to the moon
5 Capture by-the: moon s gmvrty and half-orbit around

the meon " DI __ © _ .. CHAPTER -4 81
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6. Leave the moon’s gravity and head back to thq carth

\ T - : on frée-return path
7. Capture by the carth’s gravity and half-orbit around the

carth

T [(14-25. If a spacecrafl is to sta\y in a moon orbit for a while,
‘ what must be done?

[:]4-26. What must be done for a spacecrafl to leave a moon
orbit and get back to'the earth?

o If the craft is to return_to the surface of the earth,
o ~ direction (point 6, Figure 4-16) must be changed a httlc
_ Instead of entering an earth orbit (point 7, Figure 4-16), the
' ' craft heads closer to the earth into the upper atmosphere
Its speed at the time it enters the atmosphere is about
11 km/sec. This high speed must be ‘decreased to below
8 km/sec before the craft can come back to the earth’s sur-
face. The atmosphere makes this slowmg down possible.
As the spacecraft begins to hit air particles, it pushes thcm
out of the way.

[J4-27. When a force 1s .applied to move something some o H
distance, what is done? ' : , '

b T A

[___]4-28 When. work is done, what else is mvolvcd" ‘ ﬁ

Some of the motion energy of the spacecraft is used to

~ move air particles aside. Thus, the craft is slowed down. And,

- of course, as the air particles are pushed out of the way, they

. rub against the spacccraft This causes fnctnon (drag) slow- R B
ing thc vchlcle stlll more. STl . - i .

\\\\\

['_']4-29 thn friction drag is prcsent what happens to the SN
surroundmgs? - , _ \ C .

3
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At the enormous speed of a spacecraft, a huge amount of
heat i1s produced, so much that the craft and its occupants
would burn up without some kind.of heat shield. You may

recall that it takes heat to melt or boil a material. Perhaps

the heat that would otherwise do damage can be sidetracked
by using it to melt and boil a coating on the outside of the

- spacecraft. ' With such a material as a heat shield, the heat-

eénergy would be used up as it gradually melted and boiled

'the coating away and the occupants could stdy cool. Such
a material 1s now used on the outside of spacecraft. and it

doesn’t harm the vehicle as it burns up. It just gets rid of

the heat. If you would like to know more about this process,
called ablation, do Excursion 4-4, “Losing Heat.”
You have found out some things abou( rockets and .their

operation. "You  have also found out about travel in’ space. .

Who knows? You might be an active member of a space
team to the moon some day.

Before going on, do Self Evaluation 4 in your Record Book.

YEXCURSION|
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Until the time of Galileo, pcople thought the surface of the
moon was smooth. They believed the pattern ot dark areas
on the moon’s surface was like a stain.ortarfish.

. ) )

& /'”

NN

he decided that the surface was not smooth. He beli,cy}eﬂ the
shadows and light spots were valleys and mountains similar

wage_?.

When Galileo looked at the moon through his tclcscope, '

to those on the éarth. He thought the large drk areas were
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- in_space, would you be able to see‘/ the hei

In Galileo’s day, scientific writing was done in Latin. The
Latin namg for sea is mare (pronounced “mah-ray™). This
word is still used on many charts of the moon today. The
Apolla 11 astronauts landed on Mare Tmnqunlhmm (m
English, the Sea of Tranquility).

- Galileo also saw shapes 'that_ looked like the craters of
volcarioes. Some of these hadJlong, light-colared streaks radi-
ating from them far out over the surface of the moon. The
streaks becamc known as rays. Some of the craters were
given names. Thcy were named for famous men, ‘like Gali-
leo, Copermcus and Kepler.

Few Pcople who looked at the moon from the earth could

“see ‘the things that Galileo described. One-of the difficulties -

w,uh looking at a surface from far-away is that it is so hard’
to see features'gs they re,ally are. Everything. seems flat. *
- There are soxpc very tall moyntains on the moon. Some
- are as hxgh as the tallest eqrth mountains. Dmance hf‘i‘sa greai

eﬂcct on how hlghythey qppear to be.

k.

'D5-1 If you were to look back ‘at the®
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. Figure 5-1 ' ‘
A great deal has been learned about the moon since * - =
. Galileo’s time. More photographs, plus rocks and soil, ‘have ' , )

J . been sent back from orbiting satellites and brought back by’
' men who have been there. Of course there are still many

things to be léarned (Figure 5-2). ,

Y

Figure §-2
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Scientists are particularly interested in finding out how the
moon's sufface became as it is. In fact, they are concerned
with how the moon came into being and *how its age is
related to that of the earth. Other questions about the moon
might include these:

1. Did the moon start as a hot, melted globe of matter,
which then cooled down? "

2. Was the moon once a part of the-darth—a fragment
that became separated from it long ago?

3. Was the moon built slowly out o%\picccs of material

-that came-together-as they . moved thrbggh spacearound __

the earth and the sun? N _
4. Has the moon always been cold and airless?
5. Were there ever any volcanoes there? .

N

For the rest of this unit, you will be studying some surface
atuses of the moon. Some comparisons will be made with
earth. features. These comparisons and some activities may
help you explain how the moon’s surface got the way it is.
Begin your study by examining some moon and earth
photos. Figures 5-3 through 5-6 show craters and mountains

on the moon.
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Figure 5-5

.l:]5-2 What do you ‘think could have caused the ‘craters
shown in Figures 5-4 and 5-57

1s-3. What mlght have produced the groovc that runs
'through the crater i in F:gure 5-57 '

; - . You probably -had reasons for the answers you gave to

o f - questions 5-2'and 5-3. But it’s not easy to decide. It might
- " help to.be able to examine features on the earth similar to
. the ones shown, if there are any. - | Bmw,
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There are vanious kinds of craters on the carth. You know 7.
what a crater is—it’s hke a bowl-shaped hole. In the follow-
ing photos, you will have the opportunity to examine some
of these bowl-bottomed holes. As you do, see if you can spot

“the differences in them. Perhaps this will help you later,
when you examine similar features on the moon's surface.

Many cinder cones, with cratess in the top, can be found
on the earth. This one is in Lassen Volcanic National Park.
Note the related lava flows. Also notice that there 15 a double

- cone (Figure 5-7).
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Meteor Crater near Winslow, Arizona, has a raised rim.

Metallic fragments have been found around the rum. The

- floor of the crater is about 150 meters below the surroundmg

ground. There are no other features like it in thc immediate
vncmny (Figure 5-8).
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Figure 5-7

Figure 5-8 -
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This is Crater Lake, a national park in Oregon. After
erupting centuries ago, the upper half of the voleanic moun-
tamn collapsed into the center, forming a huge pit that filled
with water. Just over the rim can be seen the flat-topped
cone’of Wizard Istand, a newer volcano that arose from the
old shell (Figure 5-9).
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' Wolf Meteorite Crater in Australia was discovered in 1947, Figure 5-9
Notice the raised rtm. The floor 1s below the level of the-
surrounding terrain (Figure 5-10). Figure 5-10
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An underground atomic blast was set ofl at a test site in
Nevada. The resulting circular hole . is about 365 meters in
diameter. Notice how .material was thrown out. The crater o
walls are quite sloping instead of vertical (Figure 5-11).
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$ - Figure 5-11 "This acftive volcano in Alaska has a well- dcﬁned crater.
L The cone was built by former erupuons but only steam and _
% gases are sent out now (Figure 5-12). - .
.9 Figure 5-12 :
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What you've learned by examining features on the carth
can help you as you observe pictures of craters on the moon.
Perhaps you can develop your own model of how these
craters were formed. For instance, the presence of certain
materials around the rim of the Meteor Crater has caused
scientists to believe this crater and other on the earth were
caused by meteor impact. Now you sce why it is called
Meteor Crater. Some of the fragments are metallic. 1t 1s
o " believed these fragments could only have come from outer

space. In addition, some materials were fincly powdered and
. broken up, 4s if by a powerful blow. Look again at Figure
5-8. ‘ :

| “ |T SAYS, PROPERTY OF
| MISS CHICKEN LITTLE...”

What you need now is an opportunity.to make your ow,

craters.
At first glance, moon ¢raters most ncarly resemble meteor
' craters on the earth. Figure 5-13 shows one’ of each. '
raters ¢ g o Figure 5-13
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You can see for yourself how craters like these are formed.
Remember, however, that a real meteor striking a surface
would be traveling at a very high speed. Your activity can
only approximate what would really happen i’ a high-speed
meteor struck the moon’s surface. You will need the follow-
Ing equipment:

1 aluminum pan’

I sheet of newspaper

I small steel ball

1 meterstick -

| ﬂoodllght or unshaded bulb

I small glass marble

I meter of thrcad

Tape : | . _ -
ACTIVITY 5-1. Lay the sheet of newspaper on the floor. Place
the pan in the center of the newspaper. Pour sand into the
pan to a depth of about 3 cm. Smooth the sand with your
hand, but do not shake the pan or pack the sand down.

|
!

ACTIVITY 5-2. Attach the thread to the ball with a small plm
of tape

A} -
!

ACTIVITY 5-3 Hold the ball 50 cm above the sand. Leave
some slack in the thread so that when you release the ball
lt won’t be lerkod back. - e
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ACTIVITY 5-4. Drop the small steel ball into the sand from
the 50-cm height. Gently lift the ball straight up out of the
sand. Then examine the crater that was formed. Use the

"floodlight to illuminate the crater from the side at different

angles. Measure the diameter of the crater.

—

[)5-4. What is the diameter of the crater?

» []5-5. Was material thrown"ut of the crater as the object

~

hit? .
[15-6. Is there a raised rim around the crater?

[15-7. Is the floor of the crater below the level of the sur-
rounding surface? N |

[15-8. How many times greater is the diameter of the crater
than-the diameter of the ball? '

¥

-~

- When the ball hits the sand, it does work on it to move
it out of the way. To do work, a body must have energy.
From your past experience, yod may recall that the energy
of a body in thotion depends onits mass (the quantity of
mattcr) and its speed (how fast it is traveling). You can test
the effect of these factors by varying them, one at a time,
and measuring the diameter of the crater formed. First, try
changing the mass. You have already used the steel ball, so
now you can usd the glass marble. '
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ACTIVITY 5-5. Smooth out the sand, but do not pack it down.
Drop the glass marble trom the same 50-cm height. Remove
the marble and measure the diameter of the crater.
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[]5-9. What is the diameter of the crater?

[1s-f0. Compare the size of the crater formed by the glass

marble with that formed by the steel ball.
. s

Y

The mass of the steel ball is more than twice that of the
glass marble. Although you could not measure how -much,
you probably noticed that more sand was removed by the
impact of the steel ball.

Next, try varying the speed. Two simple rules will help
you in making thxs test.

»

1. Objects of the same size when dropped from the same
height fall at the same speed, no matter how heavy they
are. Excursion 4-1, “Time to Fall,” should help you
understand this statement.

2. A body hits at a greater speed if it is dropped from h

a greater height. .

- Rule I means that the steel ball and the glass marble fell

) _at equal speeds in Activities,5-4 and 5-5. Rule 2 will enablc

you to’ lest the effect of spe¢d on crater formatlon
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ACTIVITY 5-6. Smooth out the s,and again, but do not pack
it down. Drop the steel ball intg the sand from a height of
1 m. Measure the diameter of the crater after removing the
ball. o '

(J5-11. What is the diameter of the crater?

'[J5-12. Compare the size of the crater form‘e'd by dropping
the ball from | m with Ithe one formed by the 50-cm drop.

Your investigation should have shown that both the mass
of the object and its speed have an effect on the size of the
crater that is formed. Most meteors that have been studied-
are composed of generally similar matertals. They were not
as different as your steel ball and glass marble. Therefore,
an increase in mass would mean a meteor of greater diame-
ter. . R R o FR ¢
You probably found that tﬁf; diamcter\of the crater was
about three times greater than the diameter of the steel ball.
You probably also found that the diameter of the crater

increased by about 1f times with an increase in the speed
of the object (caused in tliis case by the greater height from
which the ball was dropped). At the enormous speeds at
which meteors hit the surface of the earth, geologists estimate
that the diameter of the crater formed is usually about twenty
times the diameter of the meteor! - L ‘

' (15-13. If the meteor crater is about 1,200 meters in diame-
ter, what do you predict was the diameter of the meteor that

created it? . : :
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An object so large and traveling at a high speed must have .
created a blast like an atomic bomb. The terrific heat gener-
ated by the energy gf impact vaporized part of the earth’s
surface and part of the meteor. Perhaps you noticed the
similarity of the crater formed by the underground atomic
blast (Figure 5-11) and the Arizona, Australig, and Quebec
craters.- Scientists believe impact explosions made them all .
look somewhat alike.

You will be investigating othér kinds of surface features
shortly. But perhaps you would like to know why the flood- '
light was used to illuminate the craters you formed. The next

_ activity will show you the reason. i

’ ]
: AY
<
N
5
S ACTIVITY 5-7. Form another impact crater in the sand by
o - dropping a steel ball. Close to the crater, make a clrcular hill o
' ¢ by pouring some extra sand onto the surface. Light the area. '
" . from the side with the ﬂoodllght '

[]5-14. Descnbe the dppe rance of the hill and the crater
when lighted from the side. . : \

. ACTIVITY 5-8 Move the lloodllght so that it shlnes straight
' down on the hill and tho crater. .
- [:]5 -15. In what way did a change in the angle of hghtmg )

‘¢

‘68 CHAPTER 5 ; change the .appcarance of the features on the eand surfacc?
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. Observers of the moon have found that they can tell much -
. .t . L. . = _Q . . ,
more about the features if the light comes from the side. o '
The depths of craters and heights of mountains are more .
clearly defined than with lighting from above. The following R
figures illustrate this. ' ) N :
Figure 5-14
L3
s Figure 5-15 _
L3 .
L3
' » - . -
T e s;x"'f. -
.-‘-“q.}y_‘.. i
. [ T A
Both photos are of a large crager on the far side of the
. moon. Figure S-14 was 'made with the sun_overhead. Figure
N 5-15 had the sun shining from the side. Notice how the o
- details show up in Figure 5-15. - ' - CHAPTER 5 69
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‘ ) - - -[)5-16. Fyom which dnrccuon was the light coming in Flg-'
‘ S . ure 5-15,Jabove-or below?

‘ Many ‘craters on the moon do not have shurp'rim_s. They
. - look as if they have been worn down or eroded since they
' were. formed. Y0u cari make this happen with your sand
crater. ~ g

»

// ‘ - .

- *""ACTWITY 5.9, Form-a sharp crater by droppfg & steel ball .~ -
“trom a~1’m height. Lift tht ball out. Then light the crater =

v trdbm the side to observe theé rim, Sprinkle a small amount

.,. oflsbnd on, and.ia:ound thé c_rater. Then observe the crater

' rlmmag,nfn‘ ' ‘ '
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, n'oWéathcr on’ the moo:’sa-'sur h-c& That is, there

1 _ . ) L ' is no ram, snow, or wind. With no wczithe,r\,you would expect -~ .. - _
C <.+ the surface to stay Sharp.and. clean, But sc:ér‘msts believe the . ;. S

' . - o mog)n is constantly bombarded lz;y paruclew()m spacc. S
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-MACTIVITY 5-10. Repour the sand so that it is not packed down. s "
’\ Drop a steel ball from 1 m to form a crater. Lift it out and. . \
then drop it again.close enough to the first to form overlap-' :
ping c{alé?'s. Light the craters from the side. S :

~

! ~.
- - . M
. .

el b &P

' ’ 5 i ?$1) -‘. \
. r R
1 ”S)
. [(]15-20. Was matenal thrown from the second ctater into the .
. © o first? . b

LS

: [J5-21. Suppose you didn’t know which crater was formed
- . A . 1]
g first. Could you tell, by the overlapping pattern, which crater
© is the dlder and which the younger? Explain your answer.

! N .
»

PROBLEM BREAK 5-1 + SR
’ - .+ In the.moon photo shown in Figure 5-16, there are several . - N
L . craters and hills. Make a rough sketch in ‘Figure 5-17 of your ’ ~ 7 -
' Record Book, idehtifying the hills with a small h and the ’ . ‘
v . craters with a small ¢. If you can identify the overlapping

craters, put a 1 on-the one that was formed first, a 2 on the’ 3 v

one that came next, and a 3 on the youngest ong.- [
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Figure 5-18

’

Galileo and other scientists who studied the moon long
ago saw that some craters looked very different from others.
Streaks of light-colored material seeled to branch out from
them. Oge of the best known gtoups of these craters is shown
n hgure 5-18. ‘The large crater Copernicus is at the right

_edge in the photo. Kepler is to the’left of Copermcus Just

right of cemter. Aristarchus is to the left of center and above

.Copermcus and Keplcr . : -
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You probably noticed that the streaks, which are called
rays, go out from the crater like spokes of-a whetl. They
cross the dark surface arcas and other craters. A closer look
at part of the arca might help. Figure 5-19 is a closer view
of Aristarchus, showing the rays in more detail.
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Flgure 5-20 is a still closer look at Ar!slathus Notice what Figure 5-19_ B :

appear to be ripples in the surface material. Figure 5-20 -
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(7)5-22. Where do the materials that form the rays seem to
have ¢ comyg from? :

[1)5-23. Why do you think the rays are lighter colored than
the surrounding area?

Question 5-23 is difficult. But a little thought might help
you come up with a good answer. You probably said that
" the fay materials scem to have come from the crater. This
N means that they came {rom below the surface of the moon.
1] T 7T "Perhaps you should make a closer examination of the craters ™
you formed by dropping the steel ball. For a better approxn-
mation of the moon’s surface, use a different substance in
-the pan. Get any of the following materials that you need
(you may still have the first four items):

1 aluminum pan - ' ' T . . B
I sheet of newspaper ‘ -
1 small steel ball, with thread attached :
. 1 meterstick )
Bentonite powder N |
Rottenstone _ ) 3 . '

1 meter

ACTIVITY 5-11. Spread the newspaper on the floor, and place
the pan in the center. Pour the bentonite into the pan  a
depth of about 2 cm. Drop the steel bail from 1 m, observing
_ the crater as it torms. -

[jS 24. Was material thrown out (}f,%he/ cratcr" .

(15-25. Did it; form a ray eystem of a dltTerent color than ,
the surface" /_/" : . .

Apparenlly, something happened on the moon to cause'
the material on the surface to be darker than the material

L _ 'under the surface. The same thing did not happen with the | :

- . bentonlte What could have darkened the surface of the A
i T N x You know that thc moon has no weather condmons as we
'l .. -74 CHAPTER S5 know them-on the earth, and it has no air. - Ty
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A ruiText provided by Eric
i
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With no atmosphere to cut down the light from the sun,
the moon has much more intense sunshine. The radianon
also lasts for a longer moon day. € ould 1t be that the vanious
rays from the sun have a ddxkcmng cﬂcu on the moon’s
surface? You can sce whether they. have a similar effect here
on earth. You W||l nced !hc iollnwmb thmgs

I square of light-sensitive pdpu (protected trom light unul
ready for usc)
Coin, key, and other opaque objects

ACTIVITY 5-12. Lay the ﬁght sensitive paper on a window
. 'ledge or other‘spot where it can receive bright sunlight. if
it is an overcast day, use the flpodlight. Lay a key, a coin,
and other objects on the paper. Let them remain tor several

[15-26. Describe.the paper after several minutes have passed
+ - . - »
and the objects hnvc tz_ecn removed.
ngh( mys ,J,o darken some nmtermls The effect of soldr
. radldﬂon\( the moon’s surface might account for a dark-
ening-of the top’ layer. The top layer protects the material

undérneath from the sun’s rays. Thus, the underlying mate- .

ndl should be Ilghlu in color. You can sce for yourself what
Ymppens whcn a meteor strikes such a surface. -

«
>

ACTIVITY 5-13. Smooth the surface of the bentonite. Lightly
shake the rottenstone over the surface so that. a thin, even
layer is formed. This dark layer represents the surtace of the
moon, darkened by sojar radialiom Now drop the steel ball
from a 1 m height. s ~

Rottenstone
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Figure 5-21

CHAPTER 5

L4

" [:]5 29, How does gravity on the moon c compare wnh that

‘.

[[)5-27. Describe your observation of the crater that formed.

[(15-28. Do the rays that are lormcd rcscmblc the ones from
certain craters on the moon? i .

The rays on your model of the moon’s surface probably
don’t extend very far. The ones on the moon seem to ¢on-
tinue for very long distances. Some thought about the condi-
tions on the moon as compared with those on the earth

should hclp to explain this diﬁ'crencc. !

on the car(h" : A

(J5-30. How would atr resistance on the moon compare with

“that on the earth?

If you are not sure of your answers to the last two ques-
tions, try Excursion 5-1, “Less Force.” -
It is believed that when large meteors hit the moon and

. formed craters such as Aristarchus, Copernicus, and Kepler,

many pieces of the meteors and of the moon were thrown
oy of the crater. The speed at which this mdtenal was
thrown must have been ‘tremendous. With no air reqmancc
and much less. gravity than on the earth, some of these partl-"
cles left the moon and went into space. Some are known
to have bccn caplUred ‘by | the gravny of the earth
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If you look closcly at the rays extending, from' the crater -

Kepler, you can see they consist of many small craters (Frpure

5-21). Each of these is surrounded by cjected dust. This dust

sometimes forms in dunes hke sand dunes on the earth.
Sand dunes on the carth are formed by the movement of

sand by water or air.

[15-31. Are dust dunes on the moorn formed in the same
way as the sand dunces on the carth? Explain your answer.

Apparently many of the large crater§ on the moon were
formed by mecteors. This does not mean that other things,

* like volcanic action, could not have formed craters. There

may be examples of other kinds of craters in areas that you
have not yet examined. But from your observations of fea-
tures ‘on the earth and a comparison with the moon’s fca-,

_ tures, you probably agree with scientists that meteor impact

was a major causc of the large holes in the surface of the

moon.

Before going on, do Self Evaluation 5 in your Record Book.
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Peaks and Flows

You have spent most of your time looking at holes an the
surface of the moon. Perhaps you noticed another feature
about these lunar cratérs that is unusual. Some of the large
craters have central peaks extending up from the flat crater
floor. Figure 6-1 is a view of the crater Theophilus. The
central peaks (arrow) show very clearly. The crater 1s almost
100 km in diameter and approximately 6.5 km deep. The
central peak is more than 2,000 meters high. It compares
with the tallest mountain in the eastern United States.

-high speed, a tremendous amount of heat is produced. They
believe both the surface #nd the meteorite melt. Thus, both
behave like liquids. This liquid behavior could certainly
affect the appearance of the surface following the impact.
- To see what effect may occur, you need to ecxamine the

‘behavior of liquids ori fmpact. To do this, you will need the
following equipment: .-"] "

l‘mcdicinc droPpc;; o R ‘
"1 jar or glass of water o . 9 _

) .._ ) . -
»

< b . . . ° a’ e g X3 a f o by
P R | ns N R L L BB R 1 P S A

Full Tt Provided by ERIC.

Scientists know that when a metcorite striked a surface. at -
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Jar of water

> .._'._Ief\r.’ oy e LI | |w-
. . .

ACTIVITY 6-1. Fill the dropper \w]_th water. Hold It a short
distance above the jar of water. Let one drop of water fall,
watching the surface of the water in the jar carefully.

»

Repeat Activity 6-1 several times, watching the surface of
the water from different viewpoints.

[(16-1. Describe the action of the surface of the water as the
drop hits it. u

‘Giving an accurate description was probably difficult. The
action occurs very fast. High-speed photographs have been
taken of a drop hitting the water’s surface (Figure 6-2).

o’ » d ) - .
3 < o .
N ‘
1Y
ie .
I\ ) .
G
;o
Al B :

E-]

Figure 6-2

1 v
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Here is the sequence of events.

The drop nears the Surface.
A crater forms as the drop hits.
The crater widens.

‘The crater flattens. ' o .
The edges of the crater flow back toward the center.

6. A central peak forms as the edges come back together.

VAW -

Now find out what happens when a drop of water hits

" the bentonite surface that represents the moon. In addition -

~to the medicine dropper and water, you will need the follow-
ing: - : CoL
-1 piece of cardboard ’
Bentonite )
Rottenstone

[ ~

!

L




ACTIVITY 6-2. Spread a layer of bentonite on the center of
the cardboard. Have the layer vary in thickness from about
2 mm In one spot to just barely covering the cardboard in
another. ‘

'ACTIVITY 6-3. Dus# very thin layer of rottenstone over all
the bentonite layer.

o=

ACTIVITY 6-4. Drop water, one drop at a time, frong: the med-
icine dropper onto the material on the cardboard. Have one
drop hit where the layer is thick. Have another hit where the
layer is thin.

Try to get at least one pair of overlapping craters. Save your
craters to help you answer the follownng questions.

- 81
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((]6-2. Can you idcnlii‘y any central peaks in the drop craters?

(J6-3. If youf answer to question 6:2 is Yes, did the most
pronounced peaks form where the layer was thick, or thin?

((16-4. Use what you learned in this activity to explain why

others do not.

are formed in the same way as the central peaks. For a
number of years, careful scientific observers have sighted
what appeared to be glowing red spots in the region of the
crater Aristarchus (Flgures 5-18 and 5-19). In fact, the floor
.of Aristarchus is surprisingly similar to that of Hawaiian
volcanoes. Therefore, it-is-believed some kind of volcanic
activity may-still be in progress on the moon.

" Figure 6-3-shows a closeup of Aristarchus.-Note the fairly
flat, ridged floor and the many dome-shaped hills.

+ - Inone type of volcano, solid material consnstmg of’ cmdcrs

‘dsh and rock is thrown out of a‘central opening. A snmplc
actwnty can show you what typé of. formauon c_an be ex-
pected You will necd the followmg equnpmcnt

] plasuc straw - ’
1 candle (or bumer if avallable) and matches / . -
**"1 pan of sand e e 8 '
1 sheet of newspaper S
1 ﬂoodhght s

.....

R - i . . T e . -
v " ° . . ’ . - ¢
w8 ‘ - . 1 . . Q
[ ' '
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you think some craters on the moon have central peaks and

Not all the features that stick up from the floor of craters




ACTIVITY 6-5. Light the candle. Gently heat the straw about
1 cm trom the end. Move it back and forth over the flame
’ .as you héat it. When it starts to bend, remove it from the tflame
and form a right angle bend as shown. Blow out the candle. .

]

2 \
. 0
-

2

N \ o
ACTIVITY 6-6. Lay the newspaper on the table, and place the
pan-of sand on it. Push the bent part of the straw under the
surface of the sand, with the bend pointing up\uard Gently
blow Into the straw. -

Lo, . The crater and mound that you have just’ formed \sh??uld , o
look a bit like the one shown in Figure 5-7 and anothér you. i )
can see in Figure 6-4. However, there 1s one difference.
When a cinder cone is formed, like that shown in Figure

© 6-4, a lot of material is brought up from under the- surface:

1 ' .
. . . .

e " JRRI ) IRZERS 3
gl T P

w - 1 4 A .
..-I". i:a\‘, 'bi ‘ ilnlt_ A‘hh‘unu F'gure 6.‘ . - ' . 83 - .5 \
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The cinder cone of Paricutin, one of the few volcanocm

that have formed in modern tifmes, is in Mexico. 1t began
lo’krow in a-cornfield in 1943 and is now more than 400
meters high (Figure 6-4).

Using the straw, you may have found you dndnl have
enough material to be lifted by the air. Try doing the activity
in a shightly different way. ‘

A : .
ACTIVITY 6-7. Blow into the ‘straw as boforo, but at the same

time pour sand from your hand into ‘the crater. You will be

furnishing the material from above lnstoad of underneath.
' Continue blowlng for a short time after you finish pouring.

—

‘DS-S How does thc shape of the cone comparc with thc
cinder cones in Figures 5-7 and 6-4?

]

'_[]6-6 Is thc posmon of thc pratcr in thc mound snmllar‘?

> DS-? Is thc shapc of the crater Similar?

DM \What is thc*posmon of the crater ﬂoor with- rcspcct o

e

"

to the surroundmg area? A /
) DG—O What happcncd to thc c_)cctcd matcnal? ),,/ -
. Ve ' ’

» ) s

: cheral cinder cones show on'the far wall d'f the moor{
“crater C opernicus (Figure 6-5). There are also craters nearby
Al}at look d!ﬁcrcnt from thosc in the concs Thc cone near

B 7_ 97
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the upper Icﬂ corner -shows rocks inside the crater and on
: - the outer slope of the cone. The same features show in “the & Lo
PRl cone:at the, bottom. - & .
In some “earth volcanoes, melted rock builds up pressure _
under the ground. -1t bul‘i‘cs the solid rock abovye it upward. S s
- _~"The following activity will help you visualize what hap- ) ,
7~ pens in such a case. You will need the following equipment: .
= |1 pan of bentonite - . ' S )
"I balloon : . .
-1 plastic straw . ~ \
.Cellophane tape
llop I N . #
£ L
- .
ACTIVITY 6-8. Fasten thg ballodn to the straw with tape. Dig ' i
a deep trench in fMonhe, and lay the balloon in it, with ! L '
‘ the other end of the straw over the edge of the pan. Cover , , _
. . the balloon with bentonite, and smooth it down. Then blow o __— o
‘(, ~ gently into the straw. L CHAPTER 6 85 .
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([18-10. Desctibe the action of the bentonite as thie balloon
cxpn_nds.'i o - )

An undcrg,romﬂow oY molten rock, called magma ‘could
exert a lifung force like this on the moon’s s surface. This
could have caused the surface to become domcd and
cracked. If the pressure of the magma were great enough,

the fluid lava could have flowed out through the cracks, or

fissures, and formed pools, or flows, on the moon’s surface.

o } . . .
_Successive layers of .lava could have covered the original

domc_t that was formed, creating a domed mountain. -

e Notlce the pattérn of domce and ndgcs in thc forcgrotmd

(Figure 6-6). The ‘crater Marius is in the’ upper right back-
ground. The domes are up to 16 km in diameter and almost
500 meters high. Fhey are similar to volcanic domes in
northern Califdrnia and, Orégon. The irregular ridges could
en formed by lava flowing over the surface.

_Large .areas of Calnfomna Oregon, and Washington arg

_covered with lava flows from volcanic activity that’occutred
. centuries-ago. When lava cools from its over 1000°C tempcr— ;

ature, it forms a rocky layer rich in m,merals On the carth,

this surface is changed by weathering. No weathering process

takes place on the moon, bit the surface "bécomes scarred

.by meteor impacts and cove d wnth dust.

. .L\ ) . ~
v

8-11 Why is there. rTO weathcnng eﬁ'ect on the moon S .

'S ~

S

rfacc?
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Many of the dark sca areas on the moon look quitg”

smooth. Others, however, have domes, cones, and rid
The seas look as if they nught have resulted from lava flow. .

(:

-
~

e S e >
.

o

| _ P F_jgure 6-7 sh0)<'/ ‘the Marius Hills area of the largest mag, - ) L«
Y The Ocean of Storms. Notice the domes and cones, some . _ :
' ' of which are b ieved to be volcanic. ‘Notice also the wrin- . L DT T
kled rldgcs rygning nearly contmuously across the mare. o i

o 'PROBLEM EAK 81 - . e v B
One of he things that scnentlsts have been most mterested oo
, _ in is the/relative age.of various. features on the moon. A J _
- ¢ % . - princi ¢ reason fdr bnngmg back samplcs of rocks was to - o
“ 1% be ablg to find out how old they are. It is felt that the age { .- h S
' % of pagts of the moon might tell the age of the earth and also . - :
how Ahey both were formed. - {
t there are ways of telling the relauve age of parts of .
t moon without actually. going there. Figure 6-8 shows a* '§ - T
N kge area containing seas, craters, rays, and mourtajns. A - '
R / jetter and number grid has been added to aid in locatmg
Ry / the vanous features. l‘ry .your Qand at dcmdmg whn,h fea- . C
' tures are oldcst and which youngest. ;* ' _..'CHAPTER 6 87
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' Mountams Jike wa

_-_thes mpumams

“that contmue arodnd the Sea of Rains for almost a full circle.
. It looks as if an extremely: large. crater had been formed
_ 'wnh the mountams as the rim of the cratcr :

;‘.r

T
[N

‘The following list |demlﬁes the featuges that Wil be.used
irr the dating. .

1. C 5 is the brightly rayed crater Copernicus.
2. E 3 is the unrayed crater Eratosthenes.
3.-0 4 to D 5 is the ghost crater Stadius.
4. E 1 is the crater Wallace.
5. E31to G 1 is the’Apennine’ Mountams
6. EF 1 to E 2 is the Sea of 'Rains (Marc lmbnum)
7 F3tF 4 is Seething Bay"

Exammc the\photo carefully for clues For mstancc, you

- will note that the bright rays from Copermcus exténd across -

the figure in all directions. They even extend right across
bratosthcnes Somewf the craters have very little dark mare

. material in their floors; others are- partly filled with'it, like

Wallace, or completely"submerged, like Stadiys. .
. The black mare material comes nght up to the Apennine
'S lappmg on a seashore. In fact, if you
rt in your clagsroom, you will seethat
e only part of a huge chain of mountains

1ok at. the moonc '

iy timciL,

(RS pq;_; ( 3»’-‘:5‘;,,,_'. 3,«

..\\_’




Make a list of the seven features above, having the oldest

feature at the top of the hist and the youngest feature at the

bottom. 1If you feel that you can't tell the difference inage
between two things, list them together (as thesame age). Use
all the available clues in making your decisions. Then write
one seatence about cach of your chotces, tethng how you
decided on its place in the hst. '

You have investigated the appearance of some of the big

(entiires o the woonFhe aetivities-s hould -have.provided

a possible explanation for the ‘way craters, peaks, and some
ridges were formed. 1t also may have helped you see “how
the relative ages of features on the moon are judged.

Before going on, do Self Evaluation 6 in your Record Book.

THIS FEATURE
IS THE YOUNGEST

2)

/:)

»

-
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A Day on the

Your spacecraft has been orbiting the moon while you’ve

examined its features from a distance. Now its time to de-
scend to the surhcc

The method of getting down has been worked out. While
in funar orbit, the lunar module (LM) sepamtes from: the

command module. One person remains in tunar orbit in the

command module while the other two descend in the LM
(Figure 7-1). ‘

BRAKING

PHAS b
rust.

o 26,700 N

-[]7-1 From the observauons you have mdde, list the thmge
. you might encounter at your landmg site lhat could make
the landmg dlﬂlcult

“VISIBILITY PHASE

Figure 7-1
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Before leaving the LM, you would put on a hcavy protec-
tive suit.
[J7-2. With this heavy suit, it would be somewhat difficult
to walk around on the earth. Why would it be easier to walk
on the moon? ‘ ' .

g Suppose you stepped out onto the moon’s surface just at ——
i sunrise. How many hours of sunhght would you have to
T\ | _ investigate its surface? In other words, how long is a moon
ﬁ{_.___d ayr ket Al e iy -5 - S —
, For most places on the earth, daylight usually lasts only
| - part of each 24-hour period. What is 2 moon day like? The
following activity can show you. Work w:th a partner,/You '
will need the followmg apparatus:
1 floodlight @
1 large Styrofoam ball - _ . ] _
1 small Styrofoam ball _ _
2 T-pins = -~ . C e ' . 1
1 piece of cardboard / / R -
o “
\
i
{
{
ACTIVITY 7-1. Push the two T-pins up through the ca _ S
at the positions shown. Push the large Styrofoam ball on o
. 'one pin, and the small ball onto the other pln Mark an X e
RO each of the balls with a p/vncll or pen. o S !
L ,,,._w . w o
1 05-

. o .‘ X N, . D . .
QA A A b b ih AL aabprd i Fig e & oot
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__toward the earth.

'
’ " . L

ACTIVITY 7-2. Set up the floodlight about 1 m away on the
table or floor. Turn the ballis until you have the X marks in
line and facing the floodtight.

The llght,npreeente thd sun. The large bail repmente the
earth and the small one the moon.

We know that thesame side of the moon always faces the
earth. Therefore, the X mark on the moon must always be

L

5

When the earth rotates once, thrs represents a 24-hour day

_ On your Styrofoam earth—the large ball—the X would move .

ina coerlete circle during that penod

ar-s. How much of the earth’ surface could be seen from
the moon in this 24-hour penod" E

-EJ7-4 How much of the moon S surface would an observer -

on the earth see dunng the 24-hour penod"
017-5. Would the side. of the earth that is tOWard the moon

in- Actwrty 7-2 be sunlit, or dark (moonht)"

O7-8.. Would -an observer on the carth see a full moon a

half moon, ot a new moon (unhghted)"

“

The entire earth moon system as represented by the card-

| 'board and balls, rotates once. in ‘relation to the sun every
1293 d.ys So in. a little ovér a week (seven earth days), the

system would make a quarter turn. - e

a

.
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i .\ ,
. | -
. ,' _ R ACTIVITY 7-3. Tum the cardboard counter-clockwise as

v - sghown. Remember the X on the moon must always pol;tt
- - . toward the earth. N . e

N - »
roo
r.l,ﬂ»h e “ vt 150 Vi e - T o+ e e Thc ﬂ()()dhgﬁt (sun) TR Sh]nlngraCfo‘S_S fné" [: _7 “ :' }r ._,‘.,,...“,
sl T 7 The earth has rotated on its own axis (pin) a little more than e B
/ ' seven .times. . o > S .
: [J7-7. As seen from the Styrofeam earth, how much ‘of._thc W )

! moon is lighted? _ ; S N
N _ ~ []7-8. As seen from a man -at X on the moon, how much . -t .
§ 5 ' L -. of _th¢ earth-is lighted? ' 'g ..,

‘ ? . ‘: - : ” “l
; - PR ,
: )

g
Ef Ly . T
e . - i -
i . g L .
4 ' vl
'f L i N » . ) < . . (_» st v
{ L ' ~~ ACTIVITY 7-4. In just over seven days more, the earth-moon S , R
Vioeer T = . system rotates another quarter, turn. Rotate the ca gogrd a8 - N
e R , shown. The moon is now closer to the sun, with the X still . 3
94 - CHAPTER 7 . - toward the earth. ' | - I
"'l . - '
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(17-9. As scen from the carth, how much of the moon 1S
now lighted? ’

N

13

The moon in Activity 7-4 is called a new moon. Actually
it is not completely dark on the side toward the earth. An
observer cary make out some of the larger features.

[17-10. Where does the light conte from that shines on the
face of the moon, making tt slightly visible?

LY

If it weren’t for this source of light, the face of the new
moon would be completely black and invisible from the
earth.- ' :

.o

ACTIVITY 7-5. R 4 the earth-moon system another quarter
‘turn. The X on’the moon is still toward the earth. ‘

[J7-11. As seen from the ézirth, how n{uch of the'mooln is: :
Jighted?” - \ " : =

: ’,[]7-12. As seen from the moon, how much of the earth is
Nlighted? : : '

- The line down the face of the moon where the light and
shadow meet is called the rerminator. It is the line of etther ¥’
sunfise or sunset. M B '

e bt I,
s LA A T
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| ACTIVITY 7-6. Rotate ’another quarter turn back to the original
poomon. " o D

v

£lum X

The complete circuit has taken 294 earth days. In other
words, the earth has revolved 29} times with respect to the
o sun, while the who:?/ system turned once around The X on .
; S ~ the moon still face the earth _ . a

Y , ) J7-13. How inany ti_mes did the moon rotate with respeot
X - _ o to the sun during the 29} day period? / -

. Rotation of the moon with\respect to the sun would be
; - : counted by the number of times in a given period the X faced L
« : . ... the sun. Remember that you started and ended with the X

S ' facing the sun.

' 1 o - )/\ ' Here is one other thrng to set the record strarght While

| ' o the earth-moon system is turning, it also ndakes one complete

‘ : trtp around the sun each 365} days. Figure 7-2 illustrates this. -

' B . You can duplicate this picture with your model system by

L -moving the cardboard earth-moon system around the flood-

T ~ light sun. The floodlight would have to turn to face the -~ . |
' . rotating bodies at all times. You are really dealing with a =~ . 1

. o .. solar system and an earth-moon subsystem. Check the fol- - L

SR ) S - -7 lowing ltst of mottons to be sure that you can vrsualtze all o

TS o7 ofthem. © - A 5 B c

o XS

~ &
-

oo - LT 1.- The z%arth—moon subsystem revolves around/tI{, sun -

Y. . - " .. . = ongeevery 365} earth days.

} - N A The. moon revolves around
. L

i
’

. carth day‘s : // .'._?_(,.

: - . ’ . . X . M !
; "7+ 88 CHAPTER 7'\. s '} 4. The moon rotates on its axis ‘once every 29; earth- days ut _

oy . o

s ‘ . R . . .
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[]7-14. How long is a moon day from one sunrise until the
v © next? u T~ o
You can probably see now why everything was stated in
earth days. A moon day is an entirely different thing.. You
cdn also see that if you land on the moon at sunrise, you
will have ample daylight to maKe observations. i
With the same side of the moon pointed toward the earth

. ___at all times, an earth-based observer never sees-the other side

of the moon. But in orbit around the moon, there s an
opportunity to see and photograph the other side in full
-sunlight. This has been done. A
.. Perhaps you would like to take a side trip naw. If so, do
.- Excursion 7-1, “An Excursion to the Far Side.” . -

AFTER THIS CHAPTER

I'LL-BE SPINNING/
/ ®

-

-

« ———




’l

w .

Well, your time on the moon is up..You must blast off
at the right moment to meet the command module that has
been orbiting. After joining up, youdiscard yoar moon vehi-
cle and head back for the earth. There she is!

-

Before going on, do Self Evaluation-7 in your eﬁ\cwd Book.
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Do you like o take trips, to try somctl\ilqg‘- different, to see
§ new things? Excursions can give you the chance: In man
i 3 g n grve you 1y
| ways they resemble chapters. But chapters carry the mamn
' story line. Excursions are side trips. They may help you to
' go further, they may help you go into different matenal, or
— . ' ' ‘ they 'may just be of interest to ybu. AfN] some excursions are
. - . £ ’ . .
i | » provided to help you ynderstand diffi€ult 1deas. : -
i . _ Whatever way you gey there, after you finish an excursion,
LT . & you should return to yoyr place in the text material and con-
B '. "_ ) . ¥ < tinue with your work. These short trips can be interesting
: ” and different. -
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Look around you. Evarything that you can se¢ has,‘g{ force s

acting on 1it. The chair\the desk, your books, even you and

your classmates are bemng pulled toward. the Eenter of the

-earth. " - 3

. Why don’t you notice this pull? Well, it’s simply because. .

this pull of gravity is balanced by other forces. Your desks

pushes up ‘on .this book, and the floor pushes up_ on your

chair, on your desk, and on the people in your_room. As

long as the force on an object is balanced by an equal and

opposite force, the object ‘remains ith its present state of

motion. Moving objects continue to move; stationary objects e

remain stationary. a

“[J1. What happens to an object when aff unbalanced force .
(a force that is not balanced by another force in the opposite

direction) acts on it? o .

[
™

: . . )
Let's find out. Suppose one of your classmates drops a , Figure 1
rubber ball, as shown in Figure .l. _—

3

[J2. What happeps to the ball?
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[J3. As the ball falls toward&thc floor, what happens to its

speed?

A

\

[J4. When the ball l_lits'thc solid floor, what happens to it?

If you had a high-speed camera focused on the ball as
it hit the floor, you coutd see, in detail, what happens. Figure
2 diagrams this.

102
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5.

"The ball approach;s the floor.

The ball touches the floor.

The solid floor stops the bottom of the ball The rest
of the. bhll ¢ontinues moving, and the ball is com-
pressed, or flattened. ' . :
The elastic ball material pushcs on the ﬂoor and on
itself. Then it begins to régain its shape | _
And 1t bounccs upward, oo

i .

01s, How must the upward élastic force on the ball compare
with the force of gravny to.make the ball bounce?

t]s As the ball contmues upward from thc ﬂoor what hap—
pcns to its spccd?

Thns could all be summcd up by saymg, “An unbalanced
forcc on ‘an objcct causcs a change /in its motion.”

> But.in °

fframc 3 of Figure 2, you see another effect of an unbalanced -

force. A falling ball, stopped by the floor, changes its shape.

In this case, one part of an elastic object can’t. move, and
~ the unbalanccd force of motlon caiises the ball to changc
: ‘shapc (comprcss thcn expand) ' '

o,
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Mecasuring force by measuring changes i motton 1s usu- _
ally difficult to do. Measuring the change in shape of an ,/\/
elastic object turns out to be an casier way of measuring '
force. Perhaps you have used an ISCS force measurer before
“and have seen its blade bend under a force. It's worth look-
ing at again. You will need the following equipniént:

.. Jforce -measurer, with thin.and thack blades . . ...
4 sinkers ' '
3 paper-chip hooks
1 0-1 newton scale

.1 0-10 newton scale

0-1 newton scale

ACTIVITY 1. Put the thin blade on the force measurer and
insert the 0-1 newton scale. Set the force measurer on the _
edge of the table as shown. Hang 3 hooks (opened paper . L
clips) onto the blade. Zero the scale by moving the card untii

the zero mark lines up with the blade tlp .

ACTIVITY 2. Hook slnkers, one at a tim 'to the bottom clip, *
reading the force after each sinker is ydod Keep adding _ _
-sinkers untll the force is about 1 newton. EXCURSION 2-1 103

ﬂ '1161 




Jhagryry

2

i

Do T

‘104 °

_EXCURSION 2-1

Logoe e . IR Ly el ..1!,7,}@..}7 ot ﬂf. . XRINL R

~ ’ . . N
. . '

. . . - P ) . a_s".)
. ot 4 5 ¢ : - L B . "
KPR R T TR SR P R T . .o oty S <y . ot v o aga At
N AESN 284 Tt At b T '\4 LR e ": - K] K PRI ST A PN
A o , . . . - : . .

-\

(J7. About how much force in. newtons did each sinker

cxcrt"

e -

;o DB How many sinkers'did it taKe to exert a force of about
1 newton?

The unit of force the newton (abbreviated N) was named
. after the scientist Sir Isaac Newton, who stated the laws of
motion 300 years ago. It is the unit of force that will be used
throughout this course. ' )
‘Notice that the force measurer behaved ac ordingo the |
~idea of an unbalanced force causing motion. With no sinkers ' '
. on the blade, the reading was zero.  When sinkers were
added, the blade moved down. Being elastic and fastened
" at one enid, the blade changcd shape as a result ofthe added
force.

0-10 newtons scale ——

o - ACTJVITY 3. Remove the sinkers and hooks from the thin
. force-measurer blade. Replace the blade with the thick one. N
_ - v Insert the 0-10 newton scale. Hang the three hooks on the L o
e _ ‘, R o wado and zer0 tho scale. Then put the same ‘number of sink- * s
| S ~ ers on the bottom hook that you found oxerted aforce of 1 -
" - newton. (Su your antwor to quettlon 8) g o

caa ."DO ‘What does thc force measurcr rcad"

' [J10. How many umes more forcc can thc th]ck bladc meas- A
- ure th’ thc thm blade can? e T




\

Suppose you wanted to go the other way and use, lhc force
measurer for forces only one tenth as great as those measured
with the thin blade. -

. A

[(J11. What would you have to do?

k3

-,

You will be faced wigh this problem later on in Chapler 2.
And you will have adother problem too—upward forces.

»
_[:]1‘ Describe how you would use the the force measurer
to measure upward forces. /

-

Well, now you know somelhmg about forces and what thé
force unit is. Perhaps you would also |ike to know a bit more
about the laws of force and moton tlml Newton stated. In
simple terms, here is what he said.?

EAoapona s TOEMA Y A1 e et o
. L ) T 5

:"

!

1. If all the forces acting on an object are in balance, the
object will remain as it 1s.

2. If an unbalanced force acts oh an object,”the motion
of the object will.change. The amount that the motion
changes "will ‘depend upon 'how much force acts and

- how massive the body is. v
3. If one object exerts a force on a second object to change
lts motion, then the second object exerts-an equal and
opposxte foree on the first object to change its motion.

You have already had some, expencnce with the first two

* statements. ‘Your force measurer should have helpcd you see
how.they worked. The third one, called the reaction principle,
is one of the main ldeas 1in rockets The air and water inside
the water rockel exert d force on the rocket’s inner walls. At

" the same ume these walls exert an equal force on the water

o118
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and air. If for some reason the balance is lost, a change in
jnotion or shape or both will occur. - V4 ; '

[113. If the nozzle is opened, will thcré'be a balance of _ ¢
e forces? o .
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you gave the air a form of potential energy.

[11. What other forms of energy might be used to make
matter shoot out of a rocket nozzle? '

i

/
The method of giving a rocket the necessary push o get it
into the sky is’based on just one thing—throwing something
out the nozzle. The more that is thrown and the faster it
is thrown, the greater push there will be. '
F
Figure 1

A force is produced in the chamber of the rocket engine.
This force pushies matenial out the nozzle, producing a for-
ward thrust on the rocket. (See Figure 1) {he thrust, F, is

.equal to the mass, M, thrown out per second multiplied by

the speed, V, at which it-is thrown.

To get _material to shoot out rapidly, a large force must
be applied. You probably remember that when a force moves

‘matter, work is done. In order to do work, energy is requiged.

In the case of your water rocket, air pressure supplied the
force necessary to do work. You furnished the energy when
you pumped up the rocket. By building tip the air pressure,

107
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One of the forms of energy that you hsted should have
been heat. In your previous science work in Volumes 1| and
2 of ISCS, yow developed a model that included some ideas
- about energy and matter. See how well you can recall those
i _ ideas. ) oy -
- _, P .

[ R
-

,,...
.
7
A

[J2. What is all matter composed of?

¢ " : . : | [(33. All the different kinds of matter are made up of one
) - . o ~* or more- of the 100 or so kinds of basic particles. What are’ - ( :
' ' ' - these parucles called? e

| . S s Ve e e .

£34.-During a-cffemical reaouon,-newcombmanonsofatoms e
are formed. Whete do the atoms in these new combimations ' g
come from?

{ I : : ‘ + An element is composed of only one kind of atom. Com-
- pounds are substances that are composed of two or more
. Co kmds of atoms : :

(18.- Which of the followmg are formulas representing cle-
‘ B ments? Which represent compounds’ H,O; Li; CaClz,
HNO3, N,; Fe. .

(Jse. Energy changés cause parjncle rearrangements Is it also

true " that particle rearrangements can produce energy

. changes? | ot o R

s
N

<l
¢

’J o - * Many rocket fuels are made up of hydrocarbon com- .
_ _pounds. These are chemical combinations of the atoms of
(R : “hydrogen and of carbon. Kerosine, a common rocket fuel,
Ly ' <~ is a mixture of these hydrocarbons. When the molecules of
.. thts fuel and pure oxygen react, their-patticles come together = -:
. ' " in'new ways to form new substances—mostly carbon dioxide
i _ . .(CO,) and. water (H ,0). When this chemical change takes
il - . , - - - .. place in the combustion chamber of the rocket, the energy
: o o . " stored in the chemical compounds is released as heat. (See
. . . . . . Flgurc2) S o . . -,> X .

.. When kerosine is burned wnth pu"re oxygen, the temp’éra-\ : e
LT - , " - ture in the rocket chamber is about 3 C. Wlth hydrogbn . A <
{:* :+ ' 108 EXCURSION 3-1 ‘as the fuel the temperature is hnghe ll o R I
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Kerosine

Liquid oxygen'

~

You may remember investigating in ISCS Volume 2 how
‘heat affects the particles of matter. These investigations
showed that as heat is added to a substance, its temperature
increase;. And as the temperature increases, the’particles of
the substance vibrate and move around with more and more

~speed. The final effect is expansion of the substance.
In the rocket engine, a great deal of heat is set free as
the fuel burns. The particles of reactants and products move

very rapidly, and the substance expands. The higher the-

tcmperé\ture, the faster the particles move and the more the
substances expand.

ar: What must happen when the swiftly méving particles

of the expanding gases strike the walls of the engine?

. . o ) . ) K e o . .

- ‘Whatever fuel is used, the same principle of propulsion

. applies. Tremendous forces are exerted on the combustion

chamber walls because of the bombardment of high-speed
%

particles of expanding reactants and products.
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S On one side of the engine there is no wall to stop the *+
NN oy particles. There is only the opening into the engine nozzle. ' '
i' _ \ : Since there i1s no wall to stop the paryclcs, they rush out
‘ _ o through the nozzle at high speed, forming the long tail of
f ‘ ' fire behind the rocket. The unbalanced force on the forward d &

end of the combusllon chamber pushes the rocket ahcad

TR
v .
3
' ez

L e Figure 3 . Shown n Flgurc 3 is the launching of Apollo l6 Note
Lo Cee T ~ the flames and smoke belchihg: from the first stage. S T
R T "Anything that will burn rapidly can be used as a rocket, =% L
S e ; - . . fuel. One of the most powerful combinatjons uses,no oxygen N
Swwowv v oo o T Latall for the reaction; The elements hy@rogen and fluorine ‘
ST T .combmc violently, producmg a ‘large amount of heat and

= S -7 giving the greatest amount of push per pound of fuel used.

e .. Because fluorine ‘is so cdrrosive and so difficult to handle -
. -110  EXCURSION 3-1 - ",_howevcr n has not bcen used successfully in big rockcts A
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One Stage

The Apollo spacecraft that has made trips to the moon con-
sist of a command module (CM), a service module (SM),
and a lunar module (LM). (See Figure 1.) It has a mass of
about 45,000 kg. '

Three stages of the Saturn V rocket send the Apollo space-
eraft on its way.

The third stage of the Saturn V rocket
has a mass of aimost 120,000 kg.

has a mass of more than 480,000 kg.

The first stage of the Saturn V r&ket '
has a mass of about 2,200,000 kg.

e T Figure 1

As you can- see the Apollo spacccraft has a small mass
comparcd with the three stages of ihe Saturn V .rocket. To
- understand why this:is so, you first need to do an activity
'based on an idea that has been around for a long time. Then
you can look at how the stages of a rocket operate.

~,
.

g . ) - Y

- . The second stage of the Saturn V rocket

Instrument .
unit

Third stage
(s-ivs) .

. \
Second s‘ge
{S-11) g

> &

First stage b
(S-1C)
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Figure 2 .
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Sir Isaac Newton made the first clear statement of an idea
that has been extremely ifﬁporlzml in science, -and especially
useful in rockc(ry This.idea is called Newton’s third law of
motion. It says, ““To cvcry action there is an equal and oppo-
site reaction.” In terms that apply to rockets, this means that
if you throw something out in one direction from a vehicle,
there will be a force on the vehicle to push it in the opposite

direction. You can mvcsugatc this important idea by using -

the water-clock cart.
You will need the apparatus shown' in Flgurc 2. If this
apparatus has already been constructed by another student

" or your teacher; skip Activities 1 through 4. Otherwise, you

w:ll need the followmg cqunpmcnt

\

I cart, without water clock, ,
2 metal coat hangers B x,
1 half-kilogram mass '
4 lead sinkers .
1 small piece of tape
1 piece of string, 0.5 mctg:r long
2 paper clips '
Scissors

Pliers or vise ;

I g ' "

ACTIVITY 1 Using a wire cuttcr, out oach coat hangor in lhc

‘exact centor of the hdrlzontal bottom bar.

2t ) ‘

. Cut in center

-ﬂbo“
./\L:

ACTIVITY 2. Straighten all the bends In the wiré of each
- hanger. Do not change the hook or the twisted part of either

e &t s
fmvaewfn , izt “~» shclusEtigei il

=2,
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| < Same length - \ L ' >‘ '\(.Z’

1‘ ' " Straighten
hooks

. .. _ACTIVITY.3. Using pliers or a vise, make two 90° bends in
the two ends of each hanger as shown. Be sure that, when

the bends are made, the dlstapces from the top of the hook

to the tirst bend are all the same for both hangers.

\

Tape

ACTIVITY 4. Insert the two ends of the hangers into the two
holes on each side of the cart. Straighten the hooks on tHe
top of the hangers so that they point inward. Put a smail piece
of tape around them to hold them together.

© s ot e At e s e et 7

. ‘ - . ACTIVITY 5. Make a loop in one end of the piece of string.

o Open a paper clip, and hook it over the top of the hangers.

8lip the loop over the bottom of this hook. Make a loob in

the other end of the string, and attach another paper-clip

_ hook. Hang the halt-kilogram mass on the bottom hook. Ad-

\'{ Just one loop, it necessary, so that the mass swings freely
without hitting the cart. :

DL AL A fcey bt e M
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ACTIVITY 6. Set the cart on a smooth, level surface. Hold
the cart with one hand, and pull the rhass back a short dis-
_tance (about 5 cm) with the other hand. Release the cart and
the mass at the same time and observe the reaction of the
cart as the mass swings back and forth.
. e

[

‘,‘r

|IL'

N A}

" [J4. What happens to the cart as the mass swings?

/12. As the mass moves in one direction, in what direction
does the cart move?

You should have observed the “opposite reaction” idea
in operation. As the mass moves one way, the cart moves
in the opposite direction.

Now see what happcn

s when the amount of swing in-
creases. ' - '

hort
swing
{6 cm)

. .
. ¥ .
R 6
.

roey oY 7

Hold cart motionless_

114 EXCURSION 3-2
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ACTIVITY 7. Hold the cart so that it cannot move. Pull the
. mass back about 5 cm, and let it swing. Count the number

of short swings that it makes in 10 seconds. A “swing” Is

a round trip from the starting position. Then pull the mass

back about twice as tar, and let it swing. Count the numbor
not long swings that it makes in 10 seconds.

. . .
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‘during one swing.

(713. What is the number ot short swings 1t made in 10 sec- .
onds?

(C)4. What is the number of long swings it made in 10 sec-
onds?

(5. Is the number of swings in 10 seconds about the same
in the two trials? '

The time for cach swing should be” about the same. The
distance that the mass travels, however, is greater with a fong
swing. Therefore, the speed of the mass must be different
in the two cases. '

PPadhiaa

~

[J8. ¥n which case (the short swing, or the long swing) was
the speed of the mass greater?

(7. In whiqh casé (the short swing, or the long swing) did
the cart receive the greater push?.

o

& . - .
(]8. Does mcreasmf the speed of the mass increase the force
acting on the cart? How do you know?

. . \
, ) .

The speed of the swinging mass affects the movesggent of f‘
the cart. Would increasing the amount of swinging mass have *
any effect?

¥ .
| * Y

ACTIVITY 8. Mark the cart's positioh. Then measure the dis- '
tance that the cart moves as a resuit d¥ one swing of tﬁe
half-kilogram mass. Next, remove the mass, and replace it

- with 4 sinkers. Swing the sinkers from the same position as

you did the mass, and again measure how far the cart moves

128
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_ [19. What distance did a swing Of the half-kilogram mass
move the cart"

(J10. What distance did the swmg of 4 sinkers move \;thc
cart"

[:]11 Comparc lhc dmanccs that thc cart is moved by the
swing of the halfykilogram-mass and by an equal swing of
‘the sinkers. \ ’

o ~ The amount of mass being swung does have an effect on
R | | motion of the cart. A greater mass produces more rcaction
oo e e e - - -than & smaller mass. - S _

' What does all this qwmgmg" haye to do with rockets?
That's the question you are probably asking. Wcll scvcral
thmgs should be fairly clear by now.

. When the attached mass swings in one direction, the
cart goes in the- opposntc direction. '

2. The larger 'the ewmgmg mass, the greater the spced of
the cart. : t

Whe faster the mass swmgs the grcater the specd of the
cart :

¥

v

One more mvcstngatnon should hclp you see how all lhns
relates to the motion of rockets. All you need, in addition
to the equipment from Activity 8, is a pair of scissors.

b

-

- . qACTWlTY 9. Placo the rcacﬂon cart on the lloor with the Hg R
e ' : o lmau hanglng Pull the mass back 10 cm from the hanglnq _ e

118 ..~.E'XCTJB_SI'ON_ 32 - poslﬂon, and release both mass andeat.- T T ] Eke
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[112. Describe the motion of the cart as the mass swings
back and forth.

ACTIVITY 10. Again start the mass swinging from the 10-cm
w poslition. This time, cut the string just as the mass reaches
the midpoint of its swing.

2

(113. How did the motion of the cart in Activity 10 differ
from that in Activity 9? |

-Newton, and many other scientists since his time, have
found that throwmg mass away from a movable object pro-
duces a change in the object’s motion. You have been wit-
nessing that effect. In fact, the force on an object is equal

. to the rate at which it is thrown away multiplieq by the speed

e at which it i5 thrown. In other words, force measured in

o newtons equals mass in kilograms thrown per second times
the speed that it is thgown in meters per s&nd. '

s L ' . (mass/sec)(speed of mass)

I If 1 kg of mass is thrown away every second at a speed
{ of 1 meter per second, 1he force on the.cart is | newton.

130
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Flﬂll" 3  Of course, in your expcnment the mass wasn’t actually
' “thrown away” from the cart except when you cut the string,
8 : . But the reactions due to the swmgmg mass were about the
| S same as if it had been. There is one big dxﬂ'crcncc however.
. : _ - ¢ In_a real rocket, when the mass is thrown out,‘the total mass
B of the rocket and its fuel is decreasing. Thus, there is less
mass to be pushed “ahead 'by the rocket engine. So a real
rocket works even better than your reaction cart.

_ , » Now let’s get back to those rocket stages. _Why are they o
- | - . needed and wh}' is the first one so large? Ty -y

L I s 3

: « L - Suppose lggy has a cart whosc mass is lO kg; and suppose | ,
- S L Iggy’s mass is 50 kg. With:just Iggy sitting on the cart, the 3
: - total mass is 60 kg. Now suppose he loads 60 bricks on the o
“cart. Each brick has a mass of 1 kg, so all of them together
: S would make the total mass of the cart and its ¢ontents 120
e _ . kg. Finally, suppose. any number of bricks can be ‘given a-
B ' ' ' " - speed of 10 meters'per second as they are thrown away. The o
- illustrations that follow show thc cﬂ'cct th1s would have on - ° L
e - the speed of fhe cart L

éﬂ H i

A ) e ' . Mase of cart ; 10kg
S > 80 bricks " pasgofiggy 7 . S0kg -

i S 7 A " Massofbricks . 60kg . i
Lo R f . Totmees < . iBF -

I
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Suppoqc lbb)’ threw all the bmks away at thc same nmc
(This, of course, would be a huge task.) ,

— 60 brlcks

Recall that the force on the cart is equal -to the mass
thrown away times the speed with which it is thrown. If Iggy
threw 60 kg of bricks at 10 m/sec, then the force on the 60-kg
remainder (the cart and lIggy) 1s F = 60 x 10, or 600 N.

. - £ -
[(114. If the cart is at rest when the bricks are thrown, how
will the speed of the cart change?
(115. In what direction will the cart move? .
Now suppose Iggy throws the bricks out one at a time

instead of all at once. ‘
If Iggy threw only 1 brick at 10 m/sec, then the force on

the cart would be only # as much as before. This smaller
force must act not only on Iggy and the cart; it must also

“The force from throwing 1 brick is g of the force when

act on the remaining 59 bricks.

60 bricks are thrown. This smaller force is used to speed up
-almost twice as much mass (Iggy, the cart, and 59 bricks).
" The change in the cart’s speed will be much less than when
60 bricks are thrown away all at once.

With each succeeding brick that Iggy throws the cart

specds up by a sllghtly greater amount.’ When the 30th brick .

-is thrown, the force is stjll & of the force with 60 bricks.
But now the cart’s total mass -is down to 1} times as much

" as that, of just Iggy and the cart. Thére are 30 bricks remain-

ing.’ So the cart will speed w_even faster.

».

"Bvery time another bl‘le is thfown away, the force in the

opposnte dlrectlon ‘produces an increase in speed.
!

-

N

Figure 5

Figure 6 - -

Figure 7

/\Wm/sec
Y5 en )

59 bricks




S tstatage
8120 bricks

~ bricks if he wants to go faster. :

‘mass represents the payload. The cart represents the rocket.

" carts hooked together. As soon as all the bricks were thrown

to use energy fo speed up that cart.

It is possible to calculate how the speed of ‘the cart
changes. These calculations show that throwing all the bricks o
away at once produces more change in speed than throwing’
them awgy onc at a time. \

However, it isn't easy to throw out all the brnicks at once.

There are two other ways that Iggy could make the cart go
faster. He could (1) throw, each brick away with a greater
speed, or (2) carry a bigger load of bricks to throw.away.

There is a limit to the speed that can be given the thrown

bricks. So it seems that lggy will simply have to carry more

r

lggy and his cart are like a rocket and its payload. Igg)‘"s

The mass of the bricks (fuel) just equals the mass of the cart
and lggy. If Iggy carried 80 times as much mass in bricks
as ‘his mass—around 4,000 bricks—the situation’ would be
closer to the fuel-spacecraft mass relationship of the Saturn-
Apollo mentioned on the first page of this excursion. : :

The best way for Iggy to do it would be to have several . R

from one cart, he could cut it loose. Then he wouldn’t have

2nd stage ) "~ 3rd stage | L )
680 bricks , .. . 160 bricks 2 N _ A,

A o ~ . B . LY

4l

| stiges. And you also can see why such a big first stage is

" needed on the Saturn-Apolio. After the third stage has put e
~ . __-the3pacecrafl into orbit and sent it on its way to the moon, -~ . ' ! IR
it'is dropped off, too. All that remains of the 2,900,000 kg . . - . N R

’ that lifted off the pad is the spacecraft and the occupants, = ... L
_with a mass of about 45,000 kg. e T

RV,

" -
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thnthc 3,120 bric.k's. are thrown fror'n- the first stage and o |
the cart is dropped off, about 78% of the beginning mass '
_is ‘gone. Then 17% is thrown away in the second stage, and

“the amount that started out. - .

S

Tt

4% in the third stage. All that is left is. a little over 1% of :

Now ‘perhaps you see the reason for the different rocket |
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Time to Fall... Excursion 4-1

Sometimes incorrect ideas last for a long time. The great
Greek philosopher and scientist Aristotle stated some rules
of motion that lasted for 2,000 years. The rules were in-
correct, but until Galileo tried some expefiments, they were
generally believed true. One faulty rule that survived from

Aristotle’s time (384-322 B.c.) declared that heavy objects

fall faster than light ones. - . _
Galileo is said to have discovered something about falling - A

objects when he watched the swinging of a chandelier in the
" cathedral at Pisa, Italy. As he watcheéd the massive object
" swhag back and forth, he timed. it with his pulse. When he -

returned home; he made pendula’ of different kinds ‘and
timed them in the same way. You can do an activity .to
discover how a pendulum operates, just as Galileo did. You
will need the following equipment: :

1 steel ball
1 glass marble _
2 pieces of string, each 1 meter long

4 small pieces of tape ' o . . e

¥

Py

@

ACTIVITY 1. Use small pieces of tape to fasten one string

to the steel ball and the other string to the glass marble. - - 21

Co
8 Th I G il 2t
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\ Now, Icte see if _you can discover, the same thmg that -
\ " Gahlco did as he watched thc swinging chandchcr First use n

the steel ball. : " S

/. - . _ ’ |

";"Acﬂvm 2, Taﬁb the 18ose end of the string to tho topot - o
-ap oponlng such as a door or window. Be sure to sélect an '
area whereé the stool ball can swlng freely at the end of the

\ o o 1-meter ntrlng.

Stee! ball O

-

ACTIVITY 3. Pull tho stnl ball back about 10 cm and relesse
it. Use a watch or clock to find out the time it takes for 10
comploto swings. A .complete swlnq means the ball owlnqo
from’A across to B and back to A again. You may want
have someone help you with the couriting and timing.

"= D1 Whatis the time (in'seconds) for 10 complete swings?-. < P RS
SR ['_12 What is. the \pmc (m scconds) for 1 complete svnng? . . ;

L Lo Thc time for 1 complctc swmg of the pcndulum (from A | _ N
122  EXCURSION 4_-'1 . toB and back to A) is callcd the period. - " . o y B

-

- " . - . ° . w . . . - . N . o

oy
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ACTIVITY 4. Now pull the steel ball back about 20 cm and . | _ .
release it. Find the time for 10 complete swings again. — )

(J3. What is the time (in seconds‘) for 10 complete swings?

(4. What is the period of the pendulum (time for | com-
' plete swing)?

Compare the periods in questions 2 and 4. If the uming } ,
was done correctly, you should have found them to be the ' ' ,
same. This is the discovery that surprised Galileo and led o ' A

“him to further investigation. . - : _
Next you.will experiment with the mass of the ball. _ P

b
7

. | Equal’
. lengths ) o
of string - . . . ..

Pl
-
-
3%
®
e

~

R .
* . . N - - -
x . .
2

- _ ACTIVITY 5. Nearby, on the same support, tape the loose end - *
ot | of the otrlné from the marblé. Be sure that the free lengths . S Lo :
o .. of the two strings are ‘exactly the same. Pull the marble and ’ ' - Y
“the ball back a short distance and release them togethier. '

L
Kl 6 - : q
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(:18. Compare the periods of the two objects.

The mass of the steel ball is more than twice as great as
the mass of the glass marble.

. length : : - S -
' 'ACTIVITY 6. Shorten the string on the stee! ball to % meter.
| Pull the ball back a short distance and release it. Find the
o ‘_9 ﬁ},‘,’.’ length of ‘t_‘lmo for 10 complete swings again.

[J6. What is the length of time for 10 complete swings?

[J8. How does this period compare with thc pcnod that used |
a l meter length of string? ) \

L : ~+ You "have now investigated size of swing, mass of .the
| - object, and length of the pendulum. .
N . N .
" [J9. From your investigations, which of the variables affect
the period of the pendulum? * .
. ' . b T~
 Galilep reasoned that though the object on the end of the
string was supported by the string, it was really falling. The
‘string forced the object to travel in an arc. He decided that
since objects of different mass take equal time. to come down
‘when suspended on strings of the same length, then they

should take -equal time to fall stratght down

-

LY

o RS gt T S GARLLLE W AE— —
: . -, oo .
i .

s
3

VD GEIND AELA CUED GENS GELES QLN T
K

. ~ .
o . S AT Amount
'Flgun 1 RN g WA el _of fall -

_ Some stories tell of Galileo’s dr¢

_ Lcanmg Towcr of Pisa to test’ thts if@® The stories are prob-

) ably imaginary, but the idea is'not. Galileo, and other scien-
o (iStS who, followed him, discovered that wnthout the fnctlon
* drag of air, all bodtcs fall at the same rate at a given location.
I the near-perfect vacuum of outer space, a feather, a steel -
ball, a spacecrafl, and the moon. all fall cqually fast;. or, you

; could say, cqually slow. - = :

i
N

ing ObjCC(S from thc

R
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. ;[:]7 What is the périod.of the pendulum? .. e
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The Faﬁllin\‘g‘ Apple  Excursion 4-2

_“[_']1.' If po other force acts on the Ball, what paih will it -

" earth. But if it is, why hasn’t it hit the earth?” ...~ - o Ty 128

What causes the moon to orbit around the earth? Isaac

Newton was sure that it would shoot off in a straight line

unless there was a force pulling on it. Galileo, who died in

1642, the year Newton was born, had experimented with

moving objects. He had found that you need a force to

change motion. From his own investigations, Newton knew

that this was true. From your past work, you know this, too.
Suppose a round ball is rolled on a smooth, flat surface.

follow?
4
Somctir'heé'the -ans‘Wéfé.to_ difficult qhesti_om are found in ’ g m

~ Barden, he found out why the moon’ always stayed in its
.orbital path. As he was thiriking of the problem, an apple
" fell to the ground. Perhaps, thought Newton, the force
.exerted by the earth on the apple is alsq exerted by the earth
“on the moon. The moon might really be falling toward the

strange ways. Newton said that whilqhe_was_sitting'in a’ ﬁ FﬂLlNGPPLE S

Figure 1_

: £
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: | ' If you could know Newton'’s entire reasoning.s it might
have gone like this:

Before the apple fell, it was mouonlu,s When ‘it came
loosc from the tree, it dropped to earth. Obvnomly, the carth
attracted the -apple.

But the moon 1sn’t fastened to a tree. It is movmg through
space. If no force were acting on it, it would be traveling
in a straight line. BuAka straight path would carry it ayay
from the earth. And I'know that the moon follows a curved
path around the carth. Perhaps the earth attracts the moon,
too. If that attraction were very strong. the moon would soon

be out of qlght But with exactly %c right force of attraction,
the moon could move twd ways: at once. It could travel
through space while it drops toward carth. At the end of

'-h' N . every second, its fall toward earth could just make up for
- its movement away. So instead of flying away in a straight
. ‘ line, the moon would continue in a curved path around the
Y : . - S earth. v .
' L N " And that is what it does (Figure 2).
_ g
} ' - B S . cFigure 2 -
i ) . | Rﬁoon ' S!rllg.ht path .
-~ '
: ” ’ -
: N i/ /\
. s (o '\ Actual Falling distance
| ’ /, e b curved path . .
' . . ” ‘ V ; ”" . \\\ \
~ o ' / . ’ s . \\\
» ' : \
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_hit the carth_If it _were quite weak, the moon would fast

o
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Newton used the laws that Kepler had stated for the mo-
tion of hcavcnly bodics. He combined these laws with his
own and with Galileo's laws of mouon. Newton discovered
that bodies attracted each other with a torce that depended
on their mass (the amount of substance that cach contained).
He found that the force of attraction also depended on how
far apart the bodies were, and that the force changed with

the square of the distance between the centers of the objects.

~In simplified mathemaugal terms, the relaton Cou!d be writ-

ten thus:
Force — Mass of Ist x mass of 2nd
(Distance apart)®
or.
F_ m, X m.z.
Codz
. 8
Earth
\,\ f ~

2

(J2. How many earth radii is the apple from the center of
the earth?

The moon hdS been measured to be dbOll( 60 earth radi
from the center of the edrlh )

v

«

[(J3. How many times farther away is the moon than the
apple from the center of the earth? :

Square the number that you got in qucsuon 3. (Squarmg
a number means multiplying it by itself.)

2 4,.--}m 1 R 2T Y ATEELY SO,
1‘5 ‘wé,p,‘«%@ R ‘“’-“*.“.ﬁ‘\"‘- I %qn\\“l‘, ?ﬁ‘ wi R R R

pAAERE Ly -

RASAtSS ‘fni 1 i

e N . s AR
S a . e

wekl L e T e ey

2

Radius: 1,740 km
Masa: 1/81 of earth’s mass

Moon

Average distance
between centers:
380,000 km (60 earth radii)

Radius: 6,371 km
Mass: 81 times as much_
as the moon .

Figure 3

[
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" (C]4. What is the square of the number? = DY :

. © Your answer to question 4 is the number of times greater
- ' * the earth’s pull of gravity is on the apple than on the moon. .
Bodies fall according to the pull of gravity on thcn* -

P (5. How many times faster will the apple fall toward the
o _earth than the moon will fall? :

The mass of an apple is much less than the mass of the
“moon. Therefore, the force on'the moon will be much greater -
"than the forcdon the apple. But the speed of falling does -

. , - not depend on the mass. It depends solely on their distance
: - " apart; so the apple still falls 3,600 times faster. An apple, -
( - or any other object close to the earth’s surface, will fall about
Y ‘ ! r\\ : - 4.9 meters in a second.” The moon falls about 1/3600 as
' ’ ' ‘ ' “much, or just under 0.0014 meter in a second (Figure 4). -

% ‘¢ ¢ T 1.‘ mm <1£\.
: in 1 second

: : . : 49m .-
N . | In 1 second .

»

Figure 4 - Co o o e i
. -This is only 1.4 millimeters ip a second. With the moon’s

+ .- horizontal motion, this amount of fall is just enough to keep = .

£ AR . . o . -the moon going around the earth in a curved path. A

T e ~°Just think! Newton made these discoveries when he was - = .

24 years old. That’s not much older than you. .~ " B
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You found that the period (the time for one revolution)
increases as the satellite goes farther from the surface of the
earth. You also found that the-speed a satellite must have
in order to stay in orbit decreases at greater heights. How-
ever, putting a satellite in orbit farther out in space takes
more fuel. Therefore, the lowest possible orbit is used unless
there is a special reason for having the satellite in a higher
orbit. Some of the satellites that have been launched have
needed a distant orbit for just such a special reason.
Early in the space age, tfic value of sateilites for communi-,
cations was, recogiNzed. A radio signal could be beamed to
the orbiting object, and this signal could be either reflected

‘or rebroadcast to other points of the earth’s surface. For this

technique to work best, the satellite has to stay over a given
point on the earth’s syrface all the time.. '

[J1. What must the period of the parking orbit be for a good
communication satellite? o ' :

The earth rotates on its axis once every 24 hours. If a
satellite could be orbited at the correct height, it could stay
over the same spot on the surface of the earth as the earth
turned. Then radio messages could. be relayed continuously

. by the satellite. And with a few more such satellites, radio

and television programs could be sent to all parts of the
globe. | '

¢ '

129




'EXCURSION 4-3

Satellite 3

Orbit -

1o satellites

Satellite 1 I

&r

Perhaps you’'d like to know how high above the carth a
satellite must be to always remain above the same spot.
- Figure 2 has two graphs on one grid. These graphs show
the relationship of both satellite speed and period to satellite
height. Usmg these graphs, you can find the correct helght
for a satellite that hasa periad of 24 hours.

- The height\of the satellite in thousands of km is shown
along the side of the page. The penod in -hours. is shown
across the top and the speed in km/sec across the bottom.
.. Use the graph to ﬁnd the answers to the followmg questions.

'_ ' [J2. The hexght of a satclhtc whose pcnod is 24 hours is
 how many km?-

ey

. [J3. The sPecd of a satclhte whose orbit penod 18 24_hours
. is how many km/scc" : e T

4. ‘How'does the speed from question 3 comparc with the
. speed of a satel‘hte in a parkmg orbit at a height of 161 km?

~.Os. What is the pcnod of a satélhte in the parkmg orbit
_at a helght of 161 km‘? . .

Broadcast from earth
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“to send it to the moon . .

‘. _ L

On August 19, 1964, the United States placed Syncom 3
in § 24-hour orbit over the Pacific Ocean. It was used to relay
the telecast of the Tokyo Otympics, which it did splendidly.
Earlier, Syncom 2 had bten placed in a 24-hour orbit over
the Atlantic Ocean to handle east-west transmissions besf
area. . _ - e ‘

The name, Syncom is derived from “synchronous commu-
nication.” Synchronous is a word meaning “in time with.”
Thus Syncom is a' communications satellite that is in time
with the ear(¥s rotation. - : N

It might surpnsc you to know that it took more fuel to
put the satellite in its high orbit than it would have taken

U S

. T . : Fl
Je. How can this last statement be explained? = -~




[ Losing Heat‘ o

Whenever a solid melts (changes to liquid), or a liquid botls

or tvaporates (changes to a gas), heat. must be involved. For ~

example, heat must be added to ice to change it to hqud
water. Much more heat must be added to the liquid water
“to change 1t to steam. . o
Space travel makes use of this heat-absorbing behavior of
substances. When a space capsule returns to the earth’s at-
mosphere, friction due to contact with the air particles pro-
duces a huge amount of heat. You may have seen pictures

of the charred surface of the spacecraft after its lc,:]covery n.
ed. How

> the ocean. The occupants, however, were unha
can they have survived such a hot ride? _
In the -early days of s_pace,exploralion, scientists learned

about the dangers of reentry heat. They knew they had to”

come up with a way to offset the effects of this great heating,
They decided to coat ong side of the capsule with a solid
material that would melt and then boil. If this melting and
: boiling could absorb most of the reentry heat, the refl of
. the capsule would be safe. They knew that what wag needed
' was a substance that absorbed a lot of heat as melting and

bdilin_g took place. A substance was found, and it was used .

to coat the heat shield of the capsule. Now, on space flights,
as this substance nielts and boils away, it removes the excess
_heat due to friction. This heat-removal process is known as
ablation—a surgical term that means “removal.” |
e _ _

it mm
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You can see how ablation works by doing an activity. You
may want to do this activity at home, where you can use
the freezer compartment of your refrigerator. Ask your
teacher to lend you a thermometer to take home with you.
You' will also need a small paper cup, 2 paper clips, and ,
. a candle. (Perhaps you have some of these at home.)

Thermometer

- - -/
: i I/ '
Paper clips e e e e / - S
- Squeeze flat \ .
: . . '
3 : oo = 3 -
. R ’ : i ‘ '_’ -~ Y
- . E ! Water level ,
. [}
G ~

!
'
]
!
t

1

ACTIVITY 1. Put about 50 m! of water in the cup. Set the -
thermgmeter in the center qf the cup. Squeeze the top of the
cupjtiat to the thermometer, and use the paper clips to hold
S it. Be sure that the bulb is in the center and covered with |
i o water. Put the cup In the freezer compartment dvernight.

’ ™ -

N - _ P Thermomaeter a

. . . R ) . . - N
. o . . . .
. v . . . -

| Liquid column

ACTIVITY 2 Chock in the momlng to bo sure that the wahr
s trozcn. Carefully strip off the paper cup. The thormomotor

. bulb ‘should remain inside the Jice, but the llquld column
~ should be visible. Read the temperature. Thon record it as

N -

134 EXCURSION 4—4 your answer to question 1. . AN R

L




N

(1. What is the temperature of the ice?

»

Now think of the ice coating on the thermometer as repre-

‘Senting the heat shicld of the space capsule. The thermom-

cter flself can represent the men in the capsule. You now
need a source of heat to represent friction. The candle, or
some other flame, will do.

o

Hold so that
water drops away
from flame.

Candle or
Match

.

B}

“ACTIVITY 3. Hold the ice over a candle or match flamé. Be

careful not to let the flame hit the thermometer. Aiso, do not

melt the ice enough to let the flame hit the bulb. Continue

reading the thermometer as the ice melts.
N | - X

(]2. Di the teniperaturc rise as the ice melted?

[J3- What happened to thé heat from the flame?

Be sure to return the thermometer'to your teacher. Plastics

. and ceramics (like pottery) have been used as the ablative

material on spacecraft. Apollo 12 used a brazed stainless-
steel honeycomb with an outer layer of phenolic epoxy resin.

(This resin material is gimilar to the substance that is often

used to glue materials tbgethé_rf) _

As the capsule-entered the atmosphere, it left behind it

a meteorlike trail of Blowing liquid and gaseous material.
" Very little heat entered the-spacecraft. The heat was carried -
i awae', just as the melting ice-carried the heat away from the

v
® i

~ . . - ~.
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thermometer by changing first to liquid water, then to Steam.
In this way thé astronauts were protected. '
. J
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| The force of gravity that'a body exerts depends partly on
the mass of the body. It also depends on how ‘far the center
of the body is from whatever object it is attracting,

When both of these factors-—mass and distance--are taken
into accourit, the force of gravity exerted by the moon on
objects at its surface is only 3 as much as the force of gravity
would be if the objects were on the surface of the earth. This
means that you or your spacecraft would weigh only } as -
much on the moon’s surface as on the earth’s:surface.

1. What is your wenght on the earth?
-2 What would yourﬁvelght be on the moon?,

_Because the moon’s force of gravnty is weak, 1t cannot' hold
-.an atmospherc So there ‘is no air on the moon. Thus, an
‘object moving above the moon’s surface would have no air
friction to slow it down. The smaller pull of gravity and the
abscnce of air. fm.hon have a great effect on the way objects
move on the moon.

v
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When a big meteor, traveling at speeds up to 65 km per
second, strikes the surface of the moon, material is splashed
out in all directions. Parts of the surface and of the meteor
are melted or powdered. The force of the impact gives some
of the pieces speed that takes them halfway around the
moon. : -

The. speed of the material that is thrown out determines
how far it will go. Some chunks go only a short distance.
Then they hit the surface and may form other craters. Other
pieces go great distances before hitting the surface. Some
materials reach a speed high enough to escape the moon’s
gravity. These pieces shoot out into space. - S

*

[J3. When the Apollo 11 astronauts kicked moon dust with
their boots, they noted that the particles went a long way
before settling to the surface. How do you account for this?
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the Far Side

® i

An Ei’(p_ursioh to

. 4

On August 23, 1966, the first Lunar Orbiter provided a view
of thgfar side of the moon and at the same ume showed
the crescent darth. Figure 1 shows this first, slanting, detailed
scene. _

Note the roughness and the large number of craters. The
spacecraft was almost 1,200 km above the surface of the
moon when this photo was made. The Western Hemisphere
of the earth is, in sunlight. . . '

. Now let’s suppbse you, too, are makin this trip. As your
spacecraft swings around to the moon’s other side, you see

some features never observed from the earth.
3 ’ ’ . (G
1. Why have they not been observed?
From a window in your spacecraft, you can examine some
of these rare sights. > '

M

o~

Figure 1

-
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EXCURSION 7-1

Notice the large crater near the bottom (Figure 2). Radia-
ting from it are two deep troughs. This crater has never been
named. Perhaps you would like to name it yourself. Another
feature that stands out is the dark area with a light spot in
it, in the upper right corner. This is the crater Tsrolkovsky
named by the Russians for one of their pioneer space scien-
tists. Let’s move in and take a closer look at thc troughs and

“the unnamcd crater (Figure 3).

Thc one trough cxtcnds northward for more than 2501(m
In some places it is as: :much as 8 km wide. The cdgcs are.
sharp Nouce how thc trough cuts right across sevcra&raters |

[j2 i} your obscrvauons how would you say the agc"
of ,th roug ompares ‘with - s:mrlar fcatures on the front
srkle of the m n? ‘ ‘




JRA i oxt Provided by ERIC

ERIC

Now you have an ¢ven closer look at the huge crater
(Figure 4). The southern third of the trough, 1, can be seen
entering at the left, about a centimeter below the hornizon.
The trough ends at the outer rim of the crater. On the night,
on the crater floor, is an clongated crater with very dark
material, 2, around 1t.

(1J3. What do you think could be the source of the dark
material around the clongated crater? [

Another view of the crater Tsiolkovsky is coming up. It
is about 200 km in diameter, with a very dark smooth floor
and a prominent central peak (Figure 5).

a

Crater Tsiolkoysky was first viewed on the Russian Luna

111 photos. The dark material in the floor has no large craters
in it. The crater rim is rough and sharp. The area sur-
rounding the crater shows patterns of ejecta.
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[CJ4. What does the lack of large craters in the dark floor
suggest?

As you continue your orbit on the far side, you pass over
a basin that is about 300 km in diameter. It has a faint inner
ring of low hils. There are many craters in the floor (Fig-
ure 6). As you look at the photo, imagine that you are

hovering above the moon.

(C]5. What do the many small craters in the floor of the large
“crater in Figure 6 tell you about the relative age of the basin?

‘Now you will get one last look north at a large section
of the lunar surface (Figure 7).
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Well, it’s time to get back to the moon’s near side. You
may have found your trip interesting, but the side of the
moon never seen from the carth certanly offered ne starthing
surprises. It is much like the near side—perhaps a bit more
rugged, with fewer large “geas.” The sathe kinds of features
suggest that the same kinds of events have occurred over the

entire surface of the moon.
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8-Bottom
L-Left
R-Right
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